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Are you a Reen photographer looking to develop your skills? 


Join the Australian Geographic Whitsundays 

where you'll be 
tutored by some of the country's finest master 
photographers in one of Australia's most 
stunning locations. 


» Suitable for photographers of all levels. 
» Participate in engaging workshops. 
» Gain hands on techniques to help you photograph your own 
True Colours experiences. 
» Set in the Whitsundays, a place of outstanding natural beauty 
in the heart of the Great Barrier Reef. 
And, when you're not pondering the depth of field or shutter speeds, 


you can take advantage of all Airlie Beach has to offer such as dining 
at one of the bars and restaurants or simply lying by one of the pools. 


$ 2849.00 per person* 


Registration and all Workshops 
— Aerial photography, 30 minute Helicopter Flight — Field trips to Whitehaven 
Beach and Hill Inlet — Ocean Rafting — 2 Dinners — Breakfast. 


Workshop fee does NOT include Airfares and Accommodation. 
Your own arrangements will need to be arranged via 
www.australiangeographic.com.au/whitsundays 


The Workshop covers landscape, aerial and portrait photography 
skills, as well as digital processing and printing, plus you'll learn 
all of this from 3 of Australia's best photographers in their field. 


Peter Eastway G.M. Photog. APPL. Hon FAIPP. HFNZIPP. FAIPP 


Sydney-based photographer Peter Eastway is a Grand 
Master of Photography and a two time winner of the AIPP 
Australian Professional Photographer of the Year. Known 
best for his landscape and travel photography, he has 
worked in most areas of the profession and also loves 
sport, studio still life, portraiture and wildlife Photography. 


Bruce Pottinger м. Photog 1. APPL. Hon FAIPP 


Master of Photography and an Honorary Fellow of 
Australian Institute of Professional Photography. Bruce is 
the managing director of L&P Digital Photographic, one of 
Australia’s leading professional supply houses. He is also 
our technical boffin and what he doesn’t know about 
cameras probably isn’t worth knowing! 


Frances Mocnik 


Frances Mocnik has contributed to Australian Geographic 
for the past 20 years and was awarded the Australian 
Geographic Society medal for the Pursuit of Excellence 

in 2006. She holds a Master of Fine Arts degree in 
photography and exhibits internationally. 
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True Colours Photo Workshop іп the Whitsundays - Itinerary 


Tuesday 26 April 2016 


3.30 - 4.30 pm 


Check in, grab the schedule and get ready! 


6.30-8.00pm | Reception Dinner 


Don't dress up - we're all very casual. 


Wednesday 27 April 2016 


5.30-7.00am | Sunrise Shoot 


No sleeping in - we're up and at it! 


7.30-8.30am 22: 


A sumptuous meal at our wonderful venue. 


9.00-1.00pm | Long Exposure Seascape Shoot 


Learn long exposure techniques with ND filters 
(Bring your ND filters with you). 


Lunch 


1.00 - 2.30 pm 


Anda little time off as well. 


2.30 - 5.00 pm 
Bruce Pottinger shows how he uses Capture One - 


Lad ad tips and tricks for ultimate image quality. 


_IMAGE LAB - Classroom processing 
Free Time 
We suggest you grab dinner at one of the local 
restaurants. 
Night Photography Shoot 
Thursday 28 April 2016 


We will make the most of the weather to shoot the 
We'll set out for a second morning location! 


stars, the moon or the town. 
7.30-8.30am i ii 


Another great meal at our wonderful venue. 


Fill-Flash Location Portrait Shoot 


Shoot like the Australian Geographic professionals 
with outdoor fill-flash techniques. 


9.00 - 1.00 pm 


1.00-2.30pm 


And a little time off as well. 


2.30 - 5.00 pm 


Peter Eastway looks at how editing your photos can 
expand your creativity. 


IMAGE LAB - Classroom processing 
5.00-8.00pm 7 lu 
Take a break or take a walk with your camera. 
8.00 - 10.00 pm | Dinner & Audio Visuals 


Peter and Frances will present and talk about some 
of their favourite images and shoots! 


A 
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Friday 29 April 2016 


7.30 - 8.30 am 


9.00 - 1.00 pm 


1.00 - 2.30 pm 


2.30 - 5.00 pm 


Breakfast 


Another great meal at our wonderful venue. 


Aerial Shoot 


We will take turns in the helicopter for some 
amazing aerials, while those who are waiting can 
process their photos in our classroom ImageLab. 


IMAGE LAB - Classroom processing 


Lunch 


And a little time off as well. 


Whether shooting for a magazine or a photo book, 
Frances Mocnik will share her skills. 


IMAGE LAB - Classroom processing 
Free Time 


Take a break or take a walk with your camera. 
Dinner is up to you, but get to bed early! 


Saturday 30 April 2016 


6.00-7.00am i u 


Another great meal at our wonderful venue. 


Hill Inlet/Whitehaven Shoot 


We can't miss out on the jewel in the Whitsundays, 
so we'll spend the day on the water and the white, 
pearly beaches! 


7.30 - 4.30 pm 


1.00 - 2.30 pm 


4.30 - 7.30 pm 


Lunch packs will be provided as we won't be 
returning until around 4.30. 


Free Time 


Take a break or take a walk with your camera. 
Dinner will be ready soon! 


7.30-9.30pm | Dinner & Audio Visuals 


Now it's your turn to show Frances, Bruce and Peter 
what you have done - a delegates' audio visual! 


Sunday 1 May 2016 


7.00-9.00am u 


Our final breakfast. 


9.00 am Departures 


The event has concluded, but it's up to you 
whether you travel home or extend your holiday! 


REGISTER NOW 


www.australiangeographic.com.au/whitsundays 
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Every human is a puzzle made from 


But how do you piece them together? 


EXPERTS REVEAL: 


LIES TOLD BY 


Forget everything 
7— you thought you knew 
about motivation 


Stronger than steel, 
80,000 times thinner 
than a hair and not yet in 
existence - a physical 
revolution that will 
change our lives 


KüdWledge LABTEST 


Researchers unlock the turning points of humankind 


NATURE 


Why lions aren't that regal after all... 
THE HUMAN BODY AND MIND 


Super-recognisers: are you one of the talented few? 


66 11 Lies Told By Motivation Experts 
Forget what you've learnt, here's how you really get pumped 


SCIENCE 


36 ThePillars Of Life 
Inside the mysterious world of human bones 


45 Smarter In 60 Seconds 
Theme: Bones 


84 The Substance That Will Change Our Future 
Why graphene holds the key to a new era 


WORLD EVENTS 
72 The Kings Of Gaming 
Young video gamers become millionaires 


TECHNOLOGY 


30 Power To The People 
These new satellites are seeing Earth in a whole new light 


Why it's possible to hijack a pacemaker 


REGULARS 


8 Experts In This Issue 
Professionals offering their insights this month 
10 Amazing Photo 
Two fascinating photos – but what links them? 
90 Questions And Answers 
Amazing facts from science, technology and everyday life 
96 AndFinally 
How seahorses hunt the world’s speediest animal 


98 Letters 
Your views and questions aired 
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It's made for YOU to access. Now 
watch it take off into space 


Find out if marijuana 
could help heal bones 


How they earn their fortune 


Incredible nature footage of 
а lioness defending her turf 


SIMPLY DOWNLOAD THE FREE 

APP, FROM THE APP STORE 
OR GOOGLE PLAY, FOCUS YOUR 
SCREEN OVER THE ENTIRE PAGE 
AND WAIT FOR IT TO SCAN. 
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Discover Something New 


Get the magazine 
To get your edition, 
$27.99 (6 issues) or $49.99 (12 issues). 


*Also available on iPod Touch: iPhone, iPad and iPod Touch are 


COULD CATCH A CRIMINAL? TAKE ІШ Ш hs Sometimes you can spend too much 


time looking at the wood, not seeing 
those trees. Magazine folk know this all too 
well. We spend a fat chunk of our lives just 
working on our covers — tweaking the photos, 
fine-tuning the words. Trust me, creating 
a front page that's both commercial and 
credible is a science. A science which none 
of us really know the winning formula for. 
If you've ever read any editor's 'hello' 
column, you'll know we usually wax lyrical 
about the cover story, the most magnificent 
specimen among our forest of words. But 
on this occasion — and with all due respect 
to our fascinating, fact-filled piece on 100 
days that rocked history – I’m compelled 
to go off-road, unearthing a beauty that's 
nestled in the middle of the park. 
'Can You Remember Every Face 
You've Ever Seen?' (page 46) focuses 
on a rare breed known as 'super- 
recognisers': people with the ability 
to look at a stranger's face for a short 
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WHEN A WARMONGER 
SAVES MANKIND 


GOULD YII CATCH A CRIMINAL? TAKE QUR QUIZ FE 


Я World of § =-= time, and then recognise that same 
| K owled face months later. Police forces around 
WIR ! he bs the world now use super-recognisers to 
ANY MORE help identify criminals in large crowds, 


blurry CCTV footage or even infrared 
REAL-LIFE CRIME 7 ; fe 7 : imagery. Around two per cent of the 
The serial killers H (vaen ee қ population possess this talent. 
using computers 1 And guess what? You could be 
Жж... опе of them. Yes, you. To prove it, 
to murder cam 5 j à HISTORY we've designed a fascinating visual 
‘ і - k —— "M test that will single out anyone with 
WEM this special skill. 
E | tried it myself, and failed. Guess 
- | should stick to the unpredictable 
science of making magazine covers. 
Vince Jackson, Editor 
Follow me on Twitter: @vince_jackson1 


4, А қ viewa is available on Android devices, 
| РЫ OR tha iPhone is a trademark of Apple Inc., registered һы eC 00 gle p | ay versions 2.2-2.3.7. Android & Google 
4 5 Play аге trademarks of Google Inc. 


in the U.S. and other countries. App Store is a 
Е « Арр Store service mark of Apple Inc. 
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on your tablet every month! 


rid of Knowledge on the App Store. It’s only $4.99 per issue, 
Also on Android at magzter.com ($4.99 per issue, $34.99 for 12 issues) 


trademarks of Apple Inc., registered in the U.S. and other countries. App Store is a service mark of Apple Inc. | 


EXPERTS IN THIS ISSUE 


“A single graı 


GRAPHENE 


is enough to cover several 
football pitches.” 


“The day that » 


an asteroid hit 


Mexico's Yucatan There are so many 

wiped out the 

dinosaurs was 

allowed our throughout history, many 
primate ancestors of whom are unknown." 


ше: HEROES 
the day that 
to develop into 


intelligent beings 
and dominate OLIVER STONE, 
the planet." American film director, 
screenwriter and producer | 
69-year-old Stone has ; = 


published a book with 
historians that shines a light 
on America’s untold history. 
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ЕРЕЕМАМ 
DYSON, е», 3 
Physicist at 
Princeton University V 
The academic starts 
his research where í 


other scientists 
end theirs. 


Professor of Physics a 
The scientist’Sdiscovery of graphe 


“There are numerous 
charlatans in my field who 
sell motivation myths as fact.” 
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XN 
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scooped him a share of th& 
2010 Nohel Prize for Physics. 


PHOTOS: DPA; Getty Images; PR (2) 


“It will be the most efficient Earth- 
observation program in the world." 


JOSE MANUEL BARROSO, 
former president of the 
European Commission 

The politician hails Europe's new 
multi-billion-dollar satellite venture. 


PAGE 30 


STEFFEN KIRCHNER, 
Motivation expert 


The mental trainer uncovers 
some of the biggest 
motivation myths. 


“I'm pretty much flabbergasted that 
it worked — it was the first car hack 
over the internet.” 


CHRIS VALASEK, hacker 
and director of vehicle safety 
for IT advice firm |OActive 
Valasek tested how easy it is to 
hack into a car. 
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Тһе міему is breathtaking. $ 
On the bottom half of the photo à 
is a crystal-clear sea, rich in NIE 
marine life and full of turtles. On. | 
the top half, miles of sand dunes, 
made Pom billions of grains of sand. 5% 
And beyond this section of the image 2° 
the silhouette of a majestic palace rises 
on the horizon. A sleepy village appears 


like a mirage to nomads stopping to rest with 
their camels. In the distance market tents can be 
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seen, a meeting place for explorers, pearl divers and % 
princes. Occasionally, a wooden yacht or a sailboat sets 1% 
sail from here. A paradise on Earth - but what became of it? 7 
Turn the page їо find out what this fishing village looks like 2 
today, just a few decades later... y 
2 y 
E 


ne" "ж ^. 
BUILT ON OIL 
f In the 1960s scientists discovered 
Ў gigantic crude oil fields in Dubai. 2 
| In the space of just a few decades = 
the fishing village became one of = 
the glitziest metropolises on the 
planet. In fact, no other city has = 
- grown as fast as the sheikhdom of 5 
the Persian Gulf. А total of 466 
skyscrapers rise into the sky like 
needles from the desert floor. 
More than 2.4 million people call 
the city home. And there's no end» 
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oday, less than 50 years 
later, you're looking at 
the very same place 
where nomads once 
rested, now a domain of steel 
and concrete. Hundreds of 
skyscrapers rise into the Arabian 


| Sky, obscuring the view of the 


ocean. Artificial canals and 
parks simulate an oasis in 

the desert. Here, in the fastest 
growing city on Earth... 


NO OTHER CITY. 
HAS GROWN AS 
FAST AS DUBAI 


From fishing village to world city in 
just 50 years - no other place in 
history has completed such a 
rapid transformation as Dubai. 
Half a century ago no more than 
40,000 people lived here. But 
prospectors discovered huge oil 
fields in the 1960s. Since then, 
the sheikh of the desert emirate 
has invested hundreds of billions 
of dollars to turn Dubai into one of 
the world's most influential cities. 
The sandy nomad path has 

become a ten-lane motorway, 
while at one point a third of the 
world's cranes were found here: 
today the skyline can be seen 
from a distance of 100 kilometres. 
Artificial islands, indoor ski slopes 
and theme parks attracted 13 
million tourists to Dubai in the 
past year alone. In five years this 
number will likely have risen to 

20 million. This is why the world's 
busiest hub airport (it overtook 
Heathrow earlier this year) is 

now located on the outskirts of 
the former fishing village, built for 
the nomads of the modern age, 
for whom Dubai appears like 

a mirage in the desert sand. EZ] 


Chance discoveries, ill-fated plans, 
startling coincidences: history is not 
just a simple sequence of decisions. It 
is the sum of countless events and their 
hidden consequences, many of which 
change the course of the world forever 


fe or every action there is an equal and 
opposite reaction.” This law of physics, 
formulated by Isaac Newton, can just as 
easily be applied to the history of mankind. 
When Martin Luther set out to reform the 

Roman Catholic Church in 1517, he couldn’t have 

foreseen the split of Christianity, the Thirty Years’ War 


and the ravaging of central Europe by the plague. But 
that’s exactly what happened: because history isn’t a 
one-way street, always leading in one direction. 
Instead, it makes more sense to view history like a 
river. Throughout its course, humans have thrown 
stones into this river - stones that generate small 
waves, which go on to collide with other waves and so 
influence the path of humankind. While small pebbles 
may have only a small effect on the course of the river, 
huge boulders or a levee breach can cause tidal waves 
and flash floods. A flow that appears leisurely can 
suddenly wash away entire towns. Often an action’s 
reaction is immediate. But in some cases the changes 
only appear several kilometres downstream. In this new 
series World of Knowledge has teamed up with 
respected historians to examine 100 events. Our focus 
is not just on how history reacted to these episodes, 
but also what triggered them in the first place... 


When а 
vice-president 
paves the way 

to the first 
nuclear war 


20 JULY 1944 


The day Japan is almost spared the 
atomic bomb attacks 


but forgotten. Or was it deliberately 

covered up? After all, the events in 
Chicago on 20th July 1944 cast a dark 
shadow on the USA's democracy. Initially, 
it looks like business as usual at the 
Democratic Party’s National Convention. 
Henry Wallace is set to be renominated as 
vice-president under Franklin Roosevelt. 
But Wallace, considered the front-runner, 
is unexpectedly pipped to the post by 
Senator Harry Truman. 

Director Oliver Stone has recreated 
what really happened in his documentary 
The Untold History Of The United States. 
Though Wallace is seen as experienced 
by the party, he’s also thought of as too 
liberal: he supports civil rights, equal pay 
and a dialogue with the USSR. Party 
bosses want a man that they can 


T his episode of American history is all 


manipulate easily as they know Roosevelt 
may not live to see the end of his term. So 
they fix the election and ensure Truman 
wins the nomination for vice-president. 
This is where the river of history gathers 
pace: FDR dies just 82 days later and 
Truman becomes president. World War 11 
is as good as won in Europe, but in the 
Pacific the fight against Japan drags on. 
One of the first memos Truman receives 
as president? The atom bomb is ready. 
And he’s ready to deploy it. The nuclear 
bombs dropped on Hiroshima and 
Nagasaki kill 130,000 people instantly 
and many more die of the consequences. 
“Had Wallace become president instead of 
Truman, the US would have had a better 
relationship with the Soviet Union,” says 
Stone. “And the dropping of the atom bomb 
on Japan would never have taken place.” 


When 
communism 
becomes a 
psychopath’s 
weapon 


21 JANUARY 1924 
The day Lenin dies 


0 n 21st January 1924 Vladimir Lenin, 
communism's greatest icon, dies. His 
return from exile to Russia in a sealed train 
in 1917 and the October Revolution do not 
just usher in a new era, they also form the 
basis of a struggle of ideologies under his 
successor Joseph Stalin, a struggle which 
has the world holding its breath. But what if 
Lenin had lived another 20 years? Would the 
same terror, purges and oppression have 
taken place under his rule too? In 1932-33 
alone more than five million people starved 
to death as a result of Stalin's forced 
collectivisation of agriculture. In 1917, 
however, Lenin had granted every rural 
resident the right to a portion of soil. 

The revolutionary himself seems to have 
recognised the danger Stalin posed because 
in 1923 he writes: "Stalin is too coarse and 
this cannot be tolerated. For this reason | am 
suggesting he should be deposed." A year 
later Lenin is dead and Stalin seizes power. 


revolution 


The day 
Akhenaten 
exiles the gods 


Е" опе day to the next hundreds 
of gods are banned. Around 1,350 
years before the birth of Christ, the 
pharaoh couple Akhenaten and 
Nefertiti raise Aten to the status of 
Egypt’s only god. The temples of the 
old gods are closed and the priests 
deprived of their power. Only belief 

in Aten is allowed, the other gods are 
completely forbidden. “This actually 
makes Akhenaten the first person 

to try to institute a far-reaching, strict 
monotheism,” says Egyptologist Erik 
Hornung. Following Akhenaten’s 
death, however, the рһагаоһ 5 religious 
reforms quickly collapsed. But the 
idea - once planted in the memory 

of mankind - lives on. 


commands belief 
in a single god 
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24 NOVEMBER 1989 


The day a pupil 


destroys his master 


then it's found in the heart of Afghanistan. 

This is where Abdallah Yusuf Azzam - the 
‘father of Islamic jihad’ – teaches his pupils 
how to instil fear and terror into their 
enemies. But in the space of just a few years 
one particular student will go on to surpass 
his master — and bring a global superpower to 
its knees. His name? Osama Bin Laden. 

It is the 1980s and Azzam is successfully 
organising the guerrilla war against the Soviet 
occupying forces in Afghanistan. At the end 
of 1988 the Soviets are forced to withdraw. 
Azzam does not celebrate his victory for long 
- on 24th November 1989 а car bomb blast 
kills him instantly in Peshawar, Pakistan. To 
this day the question of who was responsible 
for his death is still shrouded in mystery. But 
the chief suspect is Bin Laden, who thought 
the actions of his mentor were not extreme 


| Ға school of terrorism really does exist, 
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enough. Azzam’s terror was confined to a local 
level, but Bin Laden wanted to 
shift the war — and carry it into the enemies’ 
centres of power. “Bin Laden conceived the 
Afghan guerrilla war on a global scale,” says 
Islam expert Marc Thoerner. 

On 11th September 2001 the largest 
guerrilla mission of all time takes place: 
not in Afghanistan or in another occupied 
country but in the heart of America’s financial 
metropolis. It is an escalation of Bin Laden’s 
warmongering, something totally new 
— and a final victory over his teacher. 


When a simple 
invention gives 
the world 
the gift of 
knowledge 
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The day mass 
media is born 


[" the year 1517 a monk becomes the greatest 
rebel in the history of the church. With his 

95 Theses, Martin Luther sends shock waves 
through the world of Christianity. But this 
reformation would have remained just a footnote 
in world history — were it not for something 
invented by Johannes Gutenberg, which marked 
the start of the era of the mass media. Gutenberg 
moulds moveable letters from a metal alloy and 
combines them to make words and sentences. 
Text can be copied in a shorter period of time 
than ever before — and as often as one pleased. 
“Suddenly knowledge is fast and available to 
all,” says Christina Paxson, the president of 
Brown University. It’s only thanks to Gutenberg’s 
printing press that Luther’s inflammatory theses 
pop up across Germany. And as Luther’s portrait 
is illustrated on the leaflets, the public has an 
image of the rebel — while nobody has a clue 
what his opponent, the Pope, looks like. 
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1000 BC 
The day Rome 


recognises its 
true power 


n 1000 BC the land along the Tiber is 
| а swampy marsh. Nobody would choose 
to build a city here, for there’s almost 

nothing that would make it worthwhile. 
The few people in the region live simply in 
clay huts on small hills. But in the not too 
distant future, Roman emperors will be 
steering the world’s fate from marble 
palaces in this very spot. 

Hemmed in by the Etruscans in the 
north and the Greeks in the south, the 
ancient Romans settle at a natural 
crossing on the Tiber — and discover a 
powerful strategic advantage to living 
there. Regardless of which direction they 
come from, if the Greeks or Etruscans 
wish to trade goods, they must cross the 
Tiber. The simple farmers quickly become 


When a 
swamp grows 
into a world 
centre 
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toll-keepers. And they enjoy a roaring 
trade - one that naturally inspires greed in 
their neighbours. The Etruscans beat the 
Greeks to it and conquer Rome, installing 
a king and founding a city — they bring to 
the village in the swamp the benefits of a 
sophisticated civilisation: paved roads, a 
canal system, temples, city walls, military 
strategies and a language that will soon be 
spoken across the Mediterranean region. 
It is the start of Rome's incomparable 
influence in the world and the crucial 
pillar of modern national culture. 

The only thing Rome now lacks if 
it wishes to become a superpower? 
Independence. The Romans fix this 
in 509 BC when they force the harsh 
Etruscan King Lucius Tarquinius Superbus 
from the city — and declare a republic. The 
Roman Senate decreed that Rome should 
have no more kings. In 396 BC history 
repeats itself. But this time it's the 
Romans who cross the Tiber and conquer 
the Etruscan capital of Veji. 
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The day industrialisation is born 


sentence: "Can you save me the expense 

of 500 horses?" On this rainy morning 
in 1711 Thomas Newcomen is standing in 
his workshop and can hardly believe his eyes. 
A representative from a large UK mining firm 
stands before the blacksmith and ironmonger. 
In his luggage? A lucrative contract for 
Newcomen - the development of a new- 
fangled machine that will be able to 
pump ground water from a tunnel deep 
underground. The only condition: it must be 
cheaper than the previous solution, which 
saw hundreds of horses operating the water 
pumps. It appears to be an almost impossible 
mission given the state of the old equipment. 
But in 1712 Newcomen succeeds in his 
ambitious attempt. Using the first functioning 
steam engine he operates a water pump and 
is able to drain an entire mine shaft at 
Dudley Castle in Staffordshire. For the mining 
sector it is a technological milestone and it 


T he modern world begins with a simple 


propels humanity into a new era. And 
although industrialisation in England is 
born and soon spreads across the whole of 
Europe, the USA benefits most from this. 
"Without the steam engine, today 
America would be a massive third world 
country," explains the historian Professor 
Paul Kennedy from Yale University. Back 
then the USA was a vast country with no 
infrastructure. It is only with the 
developments heralded by industrialisation 
that America is able to modernise: the 
railways connect east with west in 1869 
and steam engines step up the export of 
goods. An incomparable economic boom 
is the result. The country, which was still 
fighting for independence from Britain at 
the end of the 18th century, outperforms 
a stagnant Europe in just a few decades 
after the introduction of the steam engine. 
During World War | every second industrial 
facility in the world is found in the USA. 


When a 
judge grants 
corporations the 
power of 
freedom 


10 MAY 1886 


The day that 
corporations 
become people 


G oogle, ExxonMobil, Coca-Cola: without 


the events on this day these famous 
companies would never have existed. It 
is 10th Мау 1886. At the US Supreme Court 
in Washington DC, Judge Morrison Waite 
declares the verdict in the case of Santa Clara 
County vs. the Southern Pacific Railroad 
Company. It involves the taxes that the railway 
company is meant to pay the state. What 
sounds like common or garden lawmaking is 
in fact one of the biggest turning points in 
history. That's because when the Southern 
Pacific Railroad Company wins the case, 
every company is accorded the same rights 
as a person: corporate personhood is born. 
Before the case, corporations were seen 
as a type of project-focused company. If 
a bridge or a stretch of railway was built, the 
corporation was contracted for this project 


alone. If that law still existed today, 
Google, which was founded as a search 
engine, couldn’t have bought YouTube 
as investments in other fields were 
off-limits to companies. As well as this, 
the firm would have been obliged to act 
according to the common good – Google 
and other companies wouldn't have been 
able to establish tax havens so easily. 
Until the 1886 ruling, the state keeps 
companies on a short leash. But the end 
of the American Civil War offers the 
corporations a loophole... The 14th 
Amendment to the US Constitution 
affords all citizens freedom and individual 
protections. Although this article was 
written with the liberated slaves in mind, 
the lawyers want it to apply to their 
corporate clients. Judge Waite decides 
in their favour on that day in 1886: 
corporations have the same rights as 
people — and can no longer be limited 
by the government. "This was the 
start of their meteoric rise," says 
US historian Howard Zinn. 


despotism 
creates law 
and order 


سا — 


ToO nem 


The day that 
justice is served 


A: eye for an eye, a tooth for a tooth. What 
sounds like a barbaric form of justice is 
in fact the basis of every society. After all, 
before these simple laws existed, self- 
administered justice, revenge and chaos were 
the norm. Around 1700 BC the sixth 
Babylonian king Hammurabi orders a black 
stone stela (pillar) engraved with these words 
and other laws to be erected across the 
empire. The Code of Hammurabi contains 
282 laws in total: among other things it 
describes the right to private property. In the 
event of a capital crime, accused, accuser 
and judge had to come together: “It is the 
fruition of law and justice,” wrote ancient law 
historian Herbert Petschow. Hammurabi’s 
“еуе for an eye’ concept could also strike 
innocents: if the son of a man is murdered, 
the murderer’s son would be punished 
instead of the murderer himself. 


When a trade 
embargo 
leads to an 
act of 
desperation 


31 JULY 1941 


The day the 
USA provokes 
an attack 


n 7th December 1941 Japan attacks 

the US naval base at Pearl Harbor. This 
surprise attacks draws the USA into World 
War 11. But was the attack really that 
surprising? It can be argued that the USA 
itself set the course for Pearl Harbor on 31st 
July 1941. On this day they impose the 
latest in a series of sanctions on Japan. The 
Asian country instantly loses 90% of its 
crude oil deliveries. And this energy shortage 
strikes Japan at a bad time: Japanese troops 
are deep in China and in Northern French 
Indochina — they want to become the 
superpower of Asia and control large swathes 
of the Pacific. But without crude oil every 
military offensive comes to a standstill within 
weeks. Japan needs to trade to survive. The 
attack on Pearl Harbor is less a demonstration 
of strength, more a defiant act of desperation. 
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man finds 
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destruction 

of a continent 

is only halted 
by a death 


11 DECEMBER 1241 


The day a funeral saves The day Jericho 
Europe from the Golden Horde is founded 


t first the only stories coursing through Yale University. “Мо European power would WS Jericho the world's first city? 3,000 
А Europe about the Mongols are bloody have been able to prevent his troops from people are thought to have lived there in 

horror stories. The wild warriors are reaching the Atlantic.” But at the start of 8000 BC. But why would a population 10,000 
rumoured to brutally torture their prisoners 1242 the defenders of Vienna can hardly years ago have founded such a complex 
and kill them as painfully as possible. They believe their eyes: the Mongols simply community? Humans gathered in settlements 
build pyramids from the skulls of their take down their camps and turn back. when they were undergoing specialisation 
victims, before covering them in oil and It will be many years before the and generating food surpluses. For example, 
setting them alight. And when they besiege Europeans learn what stopped the brutal a farmer might produce more crops than he 
a city, they are said to throw the mutilated Mongols in their tracks: on 11th December needs, but requires different agricultural tools 
bodies of their enemies over the walls. When 1241 Ogedei Khan dies unexpectedly in and trade ensues. Back in 8000 BC, though, 
the Golden Horde begin their campaign to the Mongolian capital of Karakorum. humans couldn’t even make pottery, let alone 
the west, the horror stories become a reality. Ogedei was a Great Khan and leader of the work with metals. Jericho remains a mystery. 

Under Batu Khan, a grandson of Genghis Mongol Empire. Yassa, the secret written But the fact is, in cities like Jericho the first 

Khan, the Mongols conquer Moscow, burn Mongol code, obliged the other Khans to communities are formed and they soon develop 
Kiev to the ground and destroy German, take part in ‘kurultai’ — the assembling of modern structures. Only 3,000 years later the 
Polish and Hungarian armies. They spread the political council to decide upon first supply systems and canals appear in Eridu, 
fear and terror with fire and blood. “In 1241 Ogedei’s successor. For Timothy Snyder in modern-day Iraq, alongside a rudimentary 
the Mongol warrior Batu Khan is about to this day was one of the most crucial in administration. It is a transformation that 
conquer Vienna and destroy the Holy Roman history: “If Ogedei had died later, Europe continues today: in 2050 the UN predicts that 


Empire,” says historian Timothy Snyder from as we know it today would not exist.” 66% of the world’s population will live in cities. 


humans turn the 
bark of a 
birch tree into 
a miracle 
substance 


STONE AGE 
The day our 


ancestors stumble 
upon chemistry 


Wwe the Mongols attack eastern Europe 
(see far left), the battles are won mostly 
thanks to one powerful substance: adhesive. The 
Mongols conquer the world with Asian horseman 
bows, which are stuck together using a special 
paste made from bones and cartilage. But 
they’re not the first: “The history of glue 

is at least 180,000 years long,” says polymer 
chemist Ulrich Suter. Stone Age humans 
develop the first all-purpose adhesive from birch 
tar, contained in the bark of birch trees. This is 
the oldest chemical product that has ever been 
created by humans. Researchers are still puzzled 
as to how they managed this as betulin from the 
birch tar can only be distilled at temperatures of 
around 400 degrees Celsius. Over the course of 
the millennia new substances have been tried 
out, but the perfect glue has never been found. 
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` 10 MAY 1940 


When a 
warmonger 
stares down 

the Nazis 


The day Hitler gains an 
embittered opponent 


a crossroads - and the entire world 

stands there alongside it. Neville 
Chamberlain has just resigned as prime 
minister and two men are vying to take 
his place – two men who could hardly 
be more different. One is an appeaser, 
the other advocates war. 

Lord Halifax plans to continue the 
appeasement supported by his predecessor 
to placate Hitler. Churchill knows that the 
German Fuhrer must be crushed. Churchill 
is depicted as a warmonger as he has been 
issuing warnings about the Nazis for some 
time. But the German attack on Poland on 
1st September 1939 gives him legitimacy 
and two days later Churchill becomes 
the First Lord of the Admiralty. When 
he’s later chosen as prime minister by 
parliament, Hitler faces a powerful enemy 


0 n 10th Мау 1940 Great Britain is at 


— an inspirational leader and, like Hitler 
himself, a master orator. His inaugural 
speech makes clear to his countrymen that 
he will demand blood, sweat and tears and 
the war will end only in victory no matter 
what the cost. “Churchill always supported 
a continuation of the fighting,” says 
historian lan Kershaw. “He was one of the 
most important factors to Allied success.” 

World War II could have followed a fatal 
course if Halifax had become prime 
minister. In 1936 he visited Germany and 
was smitten, a friend recalls: “Halifax told 
me that he liked all of the Nazi leaders, 
even Goebbels, and was very impressed. 
He thought the regime was absolutely 
fantastic.” If Germany and Great Britain 
had agreed a peace treaty, Hitler would 
have had free rein in the East — and would 
have been almost impossible to stop. 


NOVEMBER 1915 


The day а hastily drawn border 
triggers the biggest conflict 
in the history of mankind 


ne day in November 1915: two 
0 diplomats sit at a long wooden table in 
a backroom in Baghdad. A map, a ruler 
and a pencil lie before them. These three 
objects will trigger countless wars, cause 
millions of deaths, destabilise an entire 
region and even sow the seeds of modern 
terrorism. On this day the Frenchman 
Frangois Georges-Picot and the Englishman 
Mark Sykes divide the Ottoman Empire 
— and in the process break a promise. As 
allies against the Turkish and German troops, 
they had promised the Arabs their own 
independent Arabic state after World War I. 
The Sykes-Picot Agreement eventually 
comes into effect in November 1916. The 
borders it draws lay the foundations for 
the founding of Iraq. But the way these 


boundaries were drawn has nothing to do 
with the promised independence for the 
Arabic tribes. Ethnically connected regions 
are divided. Iraq is indeed founded іп 
1920, but it is no sovereign state. The 
British topple unfavourable governments 
there until Saddam Hussein takes power 
in 1979. Years of terrible tyranny, three 
Gulf wars and the fall of Saddam in 2003 
follow. The pencil marks of Sykes and 
Picot form the justification for almost 100 
years of war, persecution and massacres in 
the Middle East — and for the formation of 
dozens of terrorist organisations. “These 
artificial national boundaries have caused 
numerous conflicts over the course of the 
last decades," says Henner Fürtig, an 
expert in Middle Eastern Studies. 


24 MAY 1543 


The day modern 
science is 
founded 


icolaus Copernicus is on his deathbed. 

In his hands he holds his legacy, the 
first edition of De revolutionibus orbium 
coelestium (‘On The Revolutions Of The 
Heavenly Spheres’). This book will change 
the history of science, shatter 1,400-year-old 
supposed truths — and ensure that the 
humans of the future will be able to send 
robots to Mars. It's a book that Copernicus 
himself wrote — 34 years earlier. Its contents 
are radical, arguing that the Earth rotates 
around the sun. It contradicts everything that 
humans have previously believed. Why has he 
held this work back for so long? He doesn't 
say. Did he fear appearing ridiculous? Did he 
fear the church? When Copernicus dies on 
24th May 1543 his work is finally published 
— and heralds a new era of modern science. 


When kings 
and popes 
are offered 
credit lines 


- EE ouo the 


dinosaurs 

leave the 
planet 
To us 


65 MILLION YEARS BC 


The day mankind is 


liberated from its 


greatest competitor 


hat if the meteorite that destroyed 
W* dinosaurs 65 million years 

ago had sailed past Earth? What 
would it be like if the river of history had 
not been ripped from its course on this 
day with brutal force to form an entirely 
new route? The answer is a little 
unsettling for humans: today we would 
be nothing more than centimetre-long 
rodents with bushy coats and furry tails. 
We would hide in small hollows in the soil 
when the Earth shudders under the weight 
of a passing herd of brontosauruses. 

So the day that the deadly rock 
slammed into the Yucatan Peninsula is 
the most important day in the history of 
mankind, according to renowned physicist 
Freeman Dyson from Princeton University: 


"This meteorite allowed our primate 
ancestors to develop into intelligent beings 
and to go on to dominate the planet." 

At the time of the dinosaurs mammals 
did exist, but they could only eke out a 
niche existence. Surprisingly, it wasn't the 
carnivorous dinosaurs that were their 
greatest enemies, but the herbivorous 
specimens. Titans like the brontosaurus 
consumed so many leaves and roots that 
there wasn't enough left for mammals to 
be able to multiply in any considerable 
numbers. It was only when most of the 
ancient reptiles were wiped from the face 
of the planet that the mammals were 
able to advance and adapt. And the 
dinosaurs? A few survived the impact 
and went on to become today's birds. 


The day money 
becomes the 
real power 


n 1397 the world's first bank is founded, 

with the power to influence the river of history 
— making its founders the most powerful dynasty 
in Italy. The Medici family establishes the first 
Europe-wide banking system, reigning for 
centuries over the Tuscan city-state and helping 
turn Florence into a metropolis for art and the 
birthplace of the Renaissance. Even at the time 
the public didn't know whether to view the 
Medicis as the 'creators of a cultural renaissance' 
or as 'assassins of the democratic national spirit'. 
Like modern-day banks and corporations, the 
Mafia-like clan establishes branches within and 
outside of Italy, offering credit, financing popes 
and kings - even their enemies. The Medici 
family receive commission and influence major 
government decisions — until 1513 when 
a Medici ascends to the papal throne himself. 
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man finds 
out his real 
origins 


1859 


24 NOV 1859 


The day 
the Bible is 
challenged 


t's as if I’ve committed a murder," Charles 
Darwin writes shortly before the publication 
of The Origin Of Species — a book that unhinges 

the world when published in 1859. Darwin's 
weapons are scientific theses — and his victim 
is none other than God himself. Darwin holds 
back his work for more than 20 years, choosing 
to publish it only when he has enough rational 
evidence. And he certainly has it: while the 
church is still preaching the idea that all living 
beings are God's creation and that humans are 
not related to animals, Darwin's theory of 
evolution postulates the creation of species 
through mutation and natural selection while 
highlighting humans' links with apes. Darwin 
robs religion of its authority on one of the most 
important questions: where do humans come 
from — and where will they go from here? 


THE ORIGIN OF SPECIES 


ES IN THE STRUGGLE 


When 
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28 SEPTEMBER 1928 


When a 
fungus 
gives hope 
to humanity 


The day a mistake decides 
the Second World War 


and listen: while the Allies lost one in 

every 25 soldiers during World War II, 
the Germans lost one in six. And while 
many injured British and American 
soldiers returned to the front after just a 
few weeks, most injured Germans never 
did. Too many saw their wounds become 
infected; even a grazing shot could prove 
deadly for a Wehrmacht soldier. But why 
is there this anomaly between the two 
sides, one that possibly decides the war? 
What makes the Allied troops so hardy? 

Unlike the Germans the Allies possess 
penicillin and this drastically reduces the 
danger of wounds getting infected. Its 
discovery is thanks to pure coincidence, 
or more precisely, the oversight of a 
Scottish scientist. On 28th September 
1928, 11 years before the war begins, the 


| t's a statistic that makes you sit up 


medic Alexander Fleming forgets to wash out 
a petri dish of bacteria before he goes on 
holiday. When he returns to his laboratory 
two weeks later, a mould fungus has 
colonised the dish — and destroyed the 
bacteria. Fleming christens the substance 
penicillin and ensures a turning point in 
modern medicine, because the substance 
heralds the age of antibiotics. It cures 
diseases that were previously fatal and saves 
millions of human lives as a result. It’s even 
possible that it decided the Second World 
War because in the 1940s only the Allies 
had access to this ‘miracle medicine’. 
Historians believe that without penicillin, 
the Allies would never have been able to 
keep their troops so strong for so long. 
If the Germans had got their hands on 
penicillin, Europe could have been ruled 
by a Nazi dictatorship for decades. 
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28 JULY 754 


The day a child 
becomes the 
chosen one 


n the winter of 753, Pope Stephen ІІ leaves 
Rome to walk a long and treacherous route 
through the Alps. The reason for this desperate 

act is to meet the Frankish ruler Pepin ІП, his 
last hope in the fight against the Lombards who 
are threatening to topple Rome. Stephen’s plea 
is listened to and on 28th July 754 the pope 
and the king agree on a pact that will change 
European power structures forever. Pepin 111 
becomes the protector of Rome when he and his 
son Charlemagne are anointed by the pope. The 
new alliance makes the seven-year-old the most 
powerful ruler of the Middle Ages and the first 
Holy Roman Emperor. The dynasty will last 
almost 1,000 years. Historian Alexander 
Demandt says: “Charlemagne created the first 
state system in central Europe and in so doing, 
the conditions for the history of Europeans.” 


a child 


establishes a 
thousand-year 


When an 
assassination 
lifts Kennedy 
to tragic 
heights 


22 NOVEMBER 1963 


The day two 
shots shape 
America's future 


hat might have happened if John 
W F Kennedy had not been shot on 
22nd November 1963? Would 
today's world really be a better place? 
Many Americans think so. But would 
the Vietnam conflict not have escalated 
under his continued office? Was it really 
a political reformer who died on this 
day? American history expert Andreas 
Etges argues that it was the death 
of the president that contributed 
to a change in American society. 

"|t was only after his death that 
political opinion shifted," says Etges. 
"People began to think critically, asking 
themselves ‘what’s going wrong in our 
country?' That led to a greater openness 
to reform among the public." 


But the historian is certain Kennedy's 
second term in office would have been a 
huge disappointment. The sobering reality 
of his short presidency confirms that 
although Kennedy brought with him a spirit 
of optimism, he was not able to achieve 
much in his 1,036 days in office. His 
foreign policy promoted peace. But his 
government also oversaw the largest 
peacetime rearmament campaign in US 
history. His engagement in Vietnam has 
also been criticised. Many historians 
believe that Kennedy caused the Vietnam 
War by strengthening his country's military 
presence in south-east Asia. 

Domestically, things were not much 
better. The Republicans controlled Congress 
and so two-thirds of Kennedy's suggestions 
for reform had little chance of getting 
through. It was only after his death that 
some were instituted. That's why Etges 
believes it was only Kennedy's demise that 
made the world a better place - the real 
reason why 22nd November 1963 is 
one of the most important days in history. 


11 JULY 1789 


When the 
misjudgement 
of a king 
inspires a nation 
to break 
its chains 


The day a dismissal triggers 
a historical tidal wave 


n 11th July 1789 the King of France 
0 fires his popular finance minister, 

Jacques Necker. For Louis XVI it is 
only a minor staffing decision — a pebble 
tossed into the river of history. But from 


small ripples comes a tidal wave that floods 


the whole of Europe — one that washes 
Louis XVI away with it. In this moment the 
king misjudges the symbolic power of the 
dismissal for his subjects. 

For months bread has been scarce; the 
little food available has been overpriced. 
The people believe the wasteful greed of 
the aristocracy is responsible. Paris is a 
tinderbox that could ignite at any moment. 
The people cling to a man who speaks for 
them, who denounces the debt policy of 
the Bourbon kings: Jacques Necker. 

“Necker’s dismissal is the alarm bell for 
the massacre of patriots,” claims lawyer 


and revolutionary Camille Desmoulins. He 
fears that the king will now want to put a 
violent end to all efforts towards freedom. 
Spurred by the news of Necker’s removal, 
Desmoulins stirs up the mob: “Only one 
option remains: take up your weapons!” 

It is this cry that triggers the French 
Revolution. And it begins on July 14th 
with the storming of the Bastille. 

On 26th August 1789, the new French 
government delivers the Declaration 
of Human and Civil Rights. This is 
followed by years of terror and, 
eventually, Napoleon Bonaparte. 

“The French Revolution became the 
laboratory for many different types of 
constitution,” explains historian Hans- 
Ulrich Thamer. Its greatest legacy, however, 
is three words: freedom, equality, fraternity. 
Three words triggered by a man being fired. 
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When a 
man dissolves 
his own world 

empire 


Ne 


11 MARCH 1985 


The day a minister 
is infected with 
the freedom bug 


t the beginning of the 1980s the Cold War 

enters a critical new phase. All signs point 
to an escalation — until Mikhail Gorbachev 
steps into the arena. On 11th March 1985 the 
man with the port-wine stain is elected to the 
position of General Secretary of the Communist 
Party. The 54-year-old cuts down the powers of 
the party and the secret services, ends the arms 
race and reforms the Soviet Union so radically 
that he simultaneously ushers in its end and 
paves the way for German reunification. 

But where did this change of heart come 
from? The answer lies in the past: as a member 
of the privileged Central Committee in the 
1970s Gorbachev was allowed to travel to the 
west, which had a dramatic influence on him 
and his later politics. His time abroad infected 
him with a virus — the feeling of freedom. 
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a battle 
between two 
superpowers 


is decided by 


love 


206 BC 


The day a forced marriage 
destroys a world power 


assinissa, king of East Numidia, is 
M shouting with rage. He has just learnt 

that his fiancée Sophonisba has been 
married to his greatest foe Syphax, the king 
of West Numidia. What sounds like a scene 
from a soap opera set in antiquity will in fact 
fundamentally change the history of Europe. 
It will lead to the rise of Rome as a world 
power and the fall of Carthage. 

In 218 BC the Second Punic War between 
Rome and Carthage, the two most powerful 
states in the Mediterranean, begins. It is a 
stalemate; one power must fall so that the 
other can become an empire. The legendary 
commander Hannibal has crossed the Alps 
with his troops and inflicted painful defeats 
on Rome. In North Africa, Syphax, king of 
West Numidia, is fighting on Коте side — 
but is felled by a talented rider prince and 
forced to make peace with Carthage. 


The name of the victorious commander 
is Massinissa, king of East Numidia, who 
is promised the hand of a Carthaginian 
princess, Sophonisba. From then on 
Massinissa fights with Hannibal against 
the Romans and brings the Italians to the 
brink of defeat. But then the leaders of 
Carthage make a fatal mistake: they break 
their promise. In order to win over Syphax 
to their side, he’s allowed to marry 
Sophonisba. Massinissa promises revenge 
— and switches to fighting for Rome. With 
his help the Roman troops land in North 
Africa and besiege Carthage — Hannibal 
is forced to retreat. This marks the ascent 
of Rome to superpower status and a 
hegemonic power in the Mediterranean. 
Numidia is unified, and Massinissa 
crowned king, while Carthage is completely 
destroyed in the Third Punic War. 


physicist ushers 


computers 


in the 
era of 


1 JULY 1959 


The day the 
machine learns 
to think 


t's an invention that has changed our 
lives forever like nothing else before it — 
in the space of just a few decades. Despite 

this its inventor is relatively unknown. 
Robert Noyce isn't as famous as Bill Gates 
or Steve Jobs — and yet he paved the way 
for the two of them. In July 1959 the then 
32-year-old physicist registers a patent for 
а ‘monolithic circuit’ – the first integrated 
microchip in the world. In 1968 he 
founded Intel which developed the 
microprocessor, unleashing a technical 
revolution. Around 56 years later there's 
hardly any area of human life that hasn't 
been touched by the powerful successors of 
Noyce's microchips. 1st July 1959 was a 
milestone in computing history, the effects 
of which continue to be felt to this day. 1 
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п 23rd June, at 
exactly 22.51 
local time, the 
countdown ends. 
Experts from the 
European Space 
Agency (ESA) 
watch the 
screens in the control centre in awe 
as the bright arrow of light rises 
into the cloudy night sky. After 
seven years of preparation they 
have finally achieved their goal. 
From the space station Kourou 
in French Guiana the Vega rocket 
heads towards outer space. Its 
launch marks the beginning of 
Phase II of the most ambitious - 
Earth-observation project іп history. | SS 


On board the rocket is a satellite 
that will change our view of our 
own planet forever. Its name is 
Sentinel-2A - ап apt moniker for 
something that will be keeping an 
eye on Earth. But what makes it so 
groundbreaking when compared to 
previous satellite missions is that, 
for the first time ever, its data will 
be available to download from the 
internet. Which means that you 

too can keep an eye on what's a 
happening on Earth... 


HOW DO YOU SEE 
WHAT'S INVISIBLE? 


"Once all the Sentinel satellites ج‎ 
have been launched, the ; 
Copernicus program will be the 
most efficient and fullest Earth- 
observation program in the world,” 
explains European Commission 
President Jose Manuel Barroso. In 
2014 the first of the new generation 
of satellites, Sentinel-1A, was shot 
into space; in October Sentinel-3A 
launched, and three further models 
will follow by 2021. The family of 
six satellites will intersect with each 
other like cogs, monitoring the 
atmosphere, land surface and 


HOW YOU CAN 
BECOME A SCIENTIST 


entinel-1A sends 8,000 
gigabits of data back to 
Earth every day — data SCANNING IN SWATHES 


that can be used by the Purne its a ШЕЛІ SATIN 
F radar scans the Earth in swathes. 
op eae a yere сап шу BEADY-EYED OBSERVERS Its operational modes allow it to 


their luck as an environmental The radar technology can help pinpoint ohserve areas measuring 80, 250 

researcher, scouring the land oil leaks (such as this one on a drilling PEE RR S 

and oceans for suspicious rig off the coast of Scotland). Dark 

objects from the comfort of their areas around the platform depict 
д Қ oil-contaminated water. 

own home. “The data is free to 

access and can be downloaded 

over the internet,” explains 

Sentinel developer Michael 

Rast (scihub.esa.int). Sentinel 

may even help to unmask 

unlawful fishermen and 

environmental criminals, as ESA 

scientist Volker Liebig reveals: 

“Using radar the satellite is 

able to see in high definition 

when ships dump oil or when an 

oil spill has occurred.” The 

satellite’s predecessor, Envisat, 

was also deployed in the hunt 

for ocean polluters. Sentinel’s 

advantage over Google Earth? It 

re-records every point on Earth 

at least once every five days. 

“Google’s data, on the other 

hand, can be up to two years 

old,” says Liebig. 


TIME FRAME 

If Sentinel discovers a ship illegally 
dumping oil in the ocean, the images 
are uploaded to the European Maritime 
Safety Agency (based in Lisbon) within 
ten minutes. This allows the coastguard 
to be informed in good time. 


-- 
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oceans in precise detail as well 

as the changes that affect them 
over time. The satellites form 

part of the ESA’s new $9 billion 
Earth-observation program, 

known as Copernicus. 

Thanks to a high-tech radar the 
2,300kg Sentinel-1A can scan 

the Earth’s surface in all weather 
conditions - around the clock. The 
main focus of this eye in the sky? 
Over seven years, from its position 
almost 700km above the Earth, the 
satellite will map the amount of sea 
ice at the poles. Using the results, 
researchers hope to provide 
precise prognoses about rising sea 
levels. These maps of sea ice levels 
could also make navigation easier 
for ships, thereby preventing 
possible accidents. 
In 2016 an 
identical 

satellite twin will 
begin to orbit 

the Earth at 

a 180-degree 
staggered orbit 

so as to double 
recording 
capacity. 

Unlike 
Sentinel-1A, which researches 
the oceans, Sentinel-2A - which 
launched in June 2015 - focuses 
on the land surface. Here it holds 
a distinct advantage over its 
predecessor: flying around the 
Earth at six kilometres per second, 
it scans our planet using high- 
definition spectral imaging rather 
than radar. As a result, the satellite 
sees the spectrum visible to us 
(encompassing red, green and 
blue), as well as the infrared 
spectrum invisible to the human 
eye. This means that Sentinel-2A 


OIL TRACE DETECTOR 

Oil slicks caused by ships or drilling 
platforms (as here in the North Sea) are 
well-documented. The floating oil makes 
the surface of the sea appear smoother 
and easily visible in radar images. 


“Using its radar, the 
Satellite can spot 
ships tipping oil 
into the sea." 
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can deliver data about the Earth’s 
surface which is hidden from radar 
beams. This opens up entirely new 
possibilities, meaning things like 
crop forecasts can be improved. 
As ESA professor Michael Rast 
explains, “This infrared region 

is particularly sensitive to 
alterations in vegetation.” 


CAN A SATELLITE CONVICT 
ENVIRONMENTAL 
TERRORISTS? 


The sky spy requires just 100 
minutes to orbit the Earth. In 2016 
it will receive backup from its twin, 
Sentinel-2B, when the flyover 
times for every point on Earth will 
be halved from ten to five days. 
The most unique aspect of the 
Copernicus project is its open 
data concept: 
unlike military 
reconnaissance 
satellites, all 
information 
collected by the 
satellites will 
be available 
online for free. 
Anyone can join 
іп - making 
it a milestone comparable to 
when the World Wide Web was 
launched in 1991. 

“It will trigger a revolution,” 
says Heinz Sontag from the space 
firm Airbus Defence and Space. 
Research is also likely to benefit 
from this ‘crowd-sourcing’: 
Sentinel-1A alone sends some 
8,000 gigabits of data back 
to Earth every day, a flood of 
information that a single institution 
would find difficult to cope with. 

But a glut of eager volunteer 
users could actively support 


GROUND SCANNER 
Satellite images can make 


E Iq. 
ground deformations in the - 
event of an eruption visible 
! — as shown here at La Cumbre, 
| a volcano on the Galapagos 
А |__| island of Fernandina. The б - 
impact crater or caldera is 
ringed in white, as well as the 
lava flow, which stretches to 
; the coast (see below left). —- 
= 
е” 


ES. 
ERUPTIONS. 


olcanic eruptions, 
earthquakes, tsunamis 
— humans are constantly 
threatened by natural 
hazards. In the case of natural 
disasters one overriding factor 
can mean the difference between 
life and death: time. Volcanos in тата 


particular have long been seen f > oat х Was / ( 
as unpredictable and difficult to А МЮ: вы ux 1 


decipher. Using Sentinel images, > 

researchers are now better 

equipped to monitor tectonic and 

volcanic activity. They can ” 
determine where the magma , 
mass is headed after an eruption 

and decide how to protect 

residents. In addition, the 

satellites can pinpoint objects 

less than a metre in size from 

a distance of 800 kilometres 

away. In the event of a flood or 

earthquake experts can gain an - - HIGH DEFINITION 

immediate overview of the crisis = 4 Sentinel’s radar eye has а definition of M 
zone and direct emergency - s 8 к -7 ; five by five metres. It can examine the 
нее сот І < 5 Earth's surface day and night — in all 


— - 


weather conditions. 
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CENTIMETRE PRECISION 
The satellite images can observe changes 
in land mass, newly formed lava fields or 
dangerous shifts on volcanic slopes. 


REVEALING COLOURS 

Using radar technology, multiple 
satellite images are combined. Minute 
deformities in the ground influence the 
signal and lead to the rainbow-coloured 
patterns in the generated image. 


EARLY DETECTION 
Sentinel’s radar beam, which has 
a wavelength of six centimetres, 
penetrates forests and scrub to 
reach the ground. It registers any 
movements or changes on the 
Earth’s surface to within a few 
millimetres. The data is invaluable 
and can help in the early detection 
of impending earthquakes. 


scientists and possibly even make 
some discoveries of their own — 
something amateur astronomers 
have been doing for years. It seems 
to have captured many people's 
imagination: around 7,700 users 
have registered so far, downloading 
1.4 petabytes of data. 

And no wonder: using the images 
anyone can scour the Earth's 
surface for signs of climate change, 
comb the oceans for signs of 
a missing plane, or investigate 
possible oil slicks — all from the 
comfort of their own homes. 

Thanks to satellite images, the 
coastguard is already able to react 
instantly in the 


event of a stom “By observing the Earth 
end-to-end and in 
real time we can 
react to disasters 
immediately." 


Professor Michael Rast, ESA 


or when a ship 
is dumping 
chemicals into 
the sea illegally. 
But Sentinel has 
many more uses 
beyond Earth 
observer and 
crime-hunter 

— the satellite is 
also lending a 
hand in natural disasters. 


HOW QUICKLY CAN 
SENTINEL DELIVER VITAL 
DATA? 


In April 2015, Nepal was hit by a 
severe earthquake, leaving parts of 
the country devastated and many 
villages cut off. Governments and 
aid organisations used satellite 
images to understand how best to 
reach these crisis areas and where 
helicopters would be able to land. 
While previously it would have 
taken 30 hours before experts 
could compile an informative 
satellite image, in future it will be 


possible to more accurately predict 
catastrophes and thus to react 
much more quickly. Images could 
be available in just 20 minutes. 

Using infrared transmission it 
should also be possible to send 
satellite data back to Earth in 
real time. Sentinel 2A is already 
equipped with an appropriate 
laser terminal. Alongside the time 
saved, the high definition of the 
images will also open up entirely 
new possibilities. 

"We will be able to say this area 
is flooded, but the cricket pitch 
there isn't," according to 
meteorologist Javier Garcia- 
Pintado. 

However, 
many experts 
also sense 
a danger in 
Sentinel's 
versatility. What 
if the satellites 
were deployed 
for top-secret 
military 
purposes, 
for spying on 
troops or monitoring groups of 
refugees? Professor Rast is quick 
to mount a counter argument: “You 
would need equipment with a 
much higher resolution to be able 
to see people, refugees included. 
Reconnaissance satellites would 
be much better suited to this." 

Volker Liebig, Director of Earth 
Observation Programmes at the 
ESA, believes Sentinel satellites 
will be of more help in a similar 
situation: saving lives by 
discovering refugees boats more 
quickly. After all, Sentinel's mission 
is to watch over the Earth and its 
residents, not to spy on them. Е 


PHOTOS: ESA (3) 


HUMAN BODY 


Do your 206 bones communicate 
with one another? Can the course 
of your life be deduced from your 
skeleton? And can you become 
unbreakable? Welcome to the 
mysterious universe іп your body 


of weight. Although the network 
is solid, it is constantly being 
rebuilt by the bone cells. This is 
why our bones are able to deal 
with a certain amount of stress 
quite easily — like when we take 
up a new sport. The network 

is characterised by a highly 
developed structure (circled) 
that allows shock waves to pass 
along the bones. The structure is 
less pronounced in the centre of 
the bone where red bone marrow 
is found — a factory for red and 
white blood cells. 

Recently, researchers 
discovered that bones also 
produce hormones. They release 
the hormone osteocalcin into 
the body and influence our 
metabolism. Mice lacking 
osteocalcin become obese and 
are susceptible to diabetes. 


his cross-section of 
a thigh bone (below) 
shows its complex 
structure. Its ball- 
shaped end sits in the socket 
of the hip joint, which allows 
our legs to move. The wafer- 
thin, honeycomb-like network 
of bone fibres inside the bone 
makes it very resistant to 

breaking and also saves a lot e P 


HOW DO BONES GROW? 
The end of a bone can grow (above), 
but only in a certain area (the dark 
blue band). A cartilage matrix forms 
here and is then filled with bone 
material. Growing bones are supplied 
һу extremely fine arteries (left, red). 


HOW DANGEROUS IS А BREAK? 

This bone is completely broken, leaving the marrow 

(dark pink) exposed. The bone cells can patch up this 

kind of break quite easily — after about three months 

the bone will have been completely regenerated. But 
sometimes bones don’t break so smoothly and there are 
complications, such as when bone splinters press through 
muscle and flesh, or even penetrate the surface of the skin. 


PAIN SENSITIVITY 
The outer surface of our bones is covered in a vascular 
membrane called the periosteum (above, light pink). 

It contains many nerves which notify the brain if 

the bone is under extreme stress, for example if it 

is broken. The bone itself is not traversed by nerves 
and is completely insensitive to pain. 


he skull can be 
divided into two parts: 
the neurocranium 
and the facial 
skeleton. The neurocranium 
surrounds our brain like a 
suit of armour. It is only open 
at its base where the nerves 
of the spine meet the brain. 
The facial skeleton consists 
of a series of individual bones 
that are connected by sutures 


A layered structure of solid 
and spongy bone material 
makes our skull one of the 
most stable bones in the 
body. It’s constructed in a 
similar way to an aeroplane 
wall. Engineers call this a 
sandwich construction. 


and fontanelles. In babies the 
sutures are made from cartilage 
which makes the individual skull 
bones very flexible. This is how 


babies’ heads manage to mould 
themselves into different shapes 
and fit through the birth canal. 
Some cultures used to view 
certain head shapes as things 
of beauty. This led to babies’ 
skulls being ‘moulded’ by 
wrapping them in tight 
bandages. Later, the sutures 
ossified, the fontanelles closed 
— and the head shape was fixed. 
In the 19th century many 
doctors were convinced that a 
person’s head shape was a mark 
of their character. They believed 
that a criminal’s brain was 
a different shape and the skull 
grew differently to accommodate 
it. This assumption, of course, 
turned out to be total nonsense. 
On the inner surface of the 
skull below a fine network of 
canals can be seen. These are 
arteries which supply the brain. 


Viewed close up, 
it’s apparent how 
the fine bone 
fibres make the 
inside of the 
bone very stable. 
They cushion 

the shocks. In 
some spots the 
fibres are slightly 
dented. In these 
dents are the 
bone cells which 
are filled with 
minerals and 
slowly become 
walled in. 


^ MIRACLE DRUG! 

Use the free viewa app and scan this 
page to find out why marijuana may 
help heal broken bones. And more! 


ору Smith* thinks “I can manage 
that” when he sees the truck in front 
of him. So the motorcyclist from 
Connecticut opens the throttle and 
tries to overtake the HGV. Then 
everything happens very quickly: 
the lurching of the motorbike, the 
moment of weightlessness, the 
collision, waking up in intensive 
care, the shocked faces of the 
paramedics. “An accident like this 
should have shattered his whole 
body. But Smith was fine, he didn’t 
break a single bone,” recalls clinical 
professor Joseph Belsky. Doctors 
discovered that Smith had 
extraordinarily high bone density. 
“Do you know the film Unbreakable 
in which Bruce Willis plays a man 
who survives all sorts of unfortunate 
situations? Well, Toby Smith is 
truly unbreakable,” says geneticist 
Richard Lifton from Yale University. 
Lifton researched the genes of the 
entire Smith family. Seven family 
members were found to be 
unbreakable. “The family’s high bone 
density was triggered by a mutation 
іп а single gene,” says Lifton. “None 
of those affected have ever broken a 
bone. They have no symptoms other 
than a strikingly wide jaw. And the 
Smiths have trouble swimming as 
their dense bones are very heavy.” 


*NAME HAS BEEN CHANGED 


WHAT 
HAPPENS 


he spine is the 

key section of our 
skeleton. All of our 
bones are connected 
to each other via the vertebral 
column. The spine is made up 
of a chain of bones and we can 
thank it for our ability to move 
— without it, standing upright 
wouldn’t be possible. The 24 


vertebrae (plus the sacrum and 
соссух) all have a different 
task, but each has something 
in common: a hollow centre. 
Together they form a long tube 
through which our spinal cord, 
the most important neural 
pathway in the body, passes. 
The spinal cord leads directly 
into the brain and together they 


form our central nervous system. 


The bony canal in the spine 
offers the perfect protection 
for the main communication 
system in our bodies. But it’s 
not completely safe from harm. 
Accidents can still damage 
the spinal cord: severe ones 
may bruise the nerve strands 
or even tear them completely, 
resulting is paralysis. Scientists 
are working to find ways to cure 
such serious disabilities. There 
is some preliminary evidence 
that stem cells or certain 
hormones could be used to 
‘mend’ the spinal column and 
make it function again. 
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Aclose up image of the / 


oxygen around the body. 


THE BLOOD .. age 
FACTORY 


bone marrow shows its 
fibrous structure and red . 
blood cells, which are - = 
produced here. When the 
cells are mature they , — 
migrate from the marrow а 
into the blood and transport | 


DIAGNOSIS: SLIPPED DISC 
Intervertebral discs lie between adjacent 
vertebrae and act like shock absorbers. 
A 'slipped disc' is when a disc bulges and 
presses on the nerve in the spinal column 
(arrow). The result: constant pain. 


Even if they сап be further enhanced 
by a gene mutation, our bones 

are still a miracle of nature. Our 
skeletons are made up of 206 bones 
joined together like a giant jigsaw 
puzzle. Babies are born with more 
than 270 bones but over the course 
of their growth some fuse together. 
They make up around 14% of our 
body weight and are one of our most 
important organs. Every bone is 

a part of something much bigger. 
They’re attached to the skeleton by 
a network of tendons, muscles and 
cartilage and come together to form 
a whole - an intricate unit as 
complex as a symphony orchestra 

The conductor of this bone 
symphony is the spinal column. 

It holds all of the skeletal parts 
together and gives our body its 
elasticity. Like a tension spring, the 
24 vertebrae that make up the spine 
are held together by six strong 
discs, ligaments and a multitude of 
muscles. The spinal column keeps 
us upright and absorbs bumps 
better than a truck’s shock absorber. 

The basic blueprint of our skeleton 
is 530 million years old. This is 
when the first vertebrates emerged, 
a group that includes fish, birds, 
amphibians, reptiles and mammals. 
They all have a backbone, a ribcage, 
a mouth at one end of the body 
and an anus at the other. 

Today more than 50,000 vertebrate 
species exist, all variations on the 
original ancient skeleton. The range 
stretches from the tiny hummingbird 
all the way up to the enormous blue 
whale. Calculated by body weight, 
the hummingbird actually has a 
stronger skeleton than the whale. 
The hummingbird’s breastbone is 
almost the size of the animal itself 
and protrudes from its chest like a 
ship’s keel. It’s to this bone that the 
bird’s flight muscles are attached, 


muscles that allow its tiny wings to 
beat up to 80 times per second. The 
bird’s minuscule skeleton is able to 
cope with this enormous burden 
without a problem. 

In comparison, the blue whale’s 
skeleton is a soft structure. Since its 
body weight is supported by the 
water, the bones are extremely soft, 
porous and filled with oil. If one of 
the animals becomes stranded, its 
bones often break - a blue whale's 
Skeleton can barely support its 200 
tons of live weight. But in water the 
bones are ideal and their oil-filled 
composition provides the whale 
with the necessary buoyancy. 


They may look like dead lumps of 
rock, but they're anything but. Bones 
are very much alive: they grow and 
produce blood cells. The very fact 
that our bones contain delicate 
arteries proves one thing: they are 
real living tissue, not just lifeless 
minerals. The key ingredients in bone 
are calcium phosphate and collagen, 
which respectively make up around 
7096 and 3096 of their mass. 

Calcium phosphate, the same 
mineral that our teeth are made from, 
gives strength to our bones but also 
makes them brittle. The collagen 
counteracts this brittleness. It has 
a twisted structure, similar to a steel 
cable - the fibres do not tear even 
when burdened with 10,000 times 
their own weight. They surround the 
mineral crystals and create a stable 
network, providing just the right 
amount of strength. 

Our bone cells are nestled 
between these two components. 
They make up only a very small part 
of the total bone mass, but the cells 
are what make the bones such a 
hive of activity. They are constantly 
regenerating, keeping our bones 
stable and allowing them to grow. 
The bone cells register exactly where 
and how a bone is being stressed. 


How? Well, take a couch potato, 
for example. He’s gone years without 
so much as lifting a finger. If he 
suddenly decides to take up jogging, 
this will have a direct effect on his 
bones. Every step he takes sends 
pressure waves racing through his 
skeleton. The bone cells react to 
this by strengthening the area under 
stress with cross struts. While 
a steel beam may break after years 
of overloading, small gaps in our 
bones are quickly closed again. 

Our cells are also able to heal broken 
bones. This differentiates us from 
invertebrates like snails. The material 
that makes up their shells contains 
no cells. If the snail’s shell breaks, 
the animal is a goner. 

An experiment conducted by the 
Charité Hospital in Berlin tested how 
much a bone could withstand by 
burdening a bone, a steel pipe and 
a comparable piece of wood until 
they broke. The piece of wood broke 
under a weight of 224kg, the pipe 
gave way at 255kg and the bone 
lasted until 642kg was pressing 
down on it. But the results of such 
experiments can’t necessarily be 


translated to real life scenarios. 
That’s because the energy that is 
required to actually break a bone 
depends on what type of bone it is: 
“The individual bone forms differ. 
Compact bone matter is excellent in 
resisting torque, while the sponge- 
like substances stabilise the bones 
against compression and shifting 
forces,” says the bone expert 
Philippe Gillet from the University 
Hospital of Liege in Belgium. 


WILL WE ALL GET SUPER 
BONES ONE DAY? 


It would be even better if, like Toby 
Smith, we had bones that were 
immune to breaking. The average 
human bone density is at its peak 
when we are in our 20s. When we 
hit 30 the bones become weaker 
as the body stores less calcium 
phosphate. This begs the question: 
why haven’t we evolved to have 
super bones? Why hasn’t nature 
fine-tuned them? Or is the Smith 
family a prototype in this direction? 
The first step, the mutation of a 
gene, has already happened in their 


The holes in the honeycomb 
structure are larger in the 
bones of an osteoporosis 
patient, meaning the bone 
is more likely to fracture. 
It’s estimated that 30% of 
postmenopausal women 
have osteoporosis. 

The hormone changes 
hollow out the bones. 


case. But a gene only spreads 
among the population when it gives 
its carrier an advantage. Perfection 
doesn’t matter to evolution. “For 
natural selection it’s only necessary 
that something functions — not 


that it functions as well as possible,” 


says Michael Le Page from New 
Scientist. “A person doesn’t have 
to be perfectly adapted to survive, 
they only need to be as well- 
adapted as their competitors.” 

But what are the biggest 
challenges facing our bones? 

The most severe problem affects 
post-menopausal women, where 
the natural change in hormones 
contribute to a rapid decrease 

in bone density. 

Richard Lifton’s discovery of the 
super bone gene among members 
of the Smith family could be a boon 
for patients with osteoporosis. “We 
are now closer to understanding 
the genetic regulation of bone 
density. The gene LRP5 plays 
a key role. In the Smith family it 
had mutated and was consequently 
very active, which contributed to 
very dense bones,” says Lifton. 

The geneticist and his colleagues 
at Yale have also discovered 
something else: LRP5 decreases 
its activity over the course of 
a life. That's down to a protein 
that gradually deactivates the 
gene. Lifton sees a route to 
a new treatment for osteoporosis: 
"Using drugs we could turn off the 
protein, allowing LRP5 to continue 
working normally for longer and 


That wouldn't give everyone 
‘super bones’ but it would 
make the bones of millions 


the bones to retain their density." / 5 


of older people just »p 
that little stronger. ЖР 
Unbreakable y 4 

will remain IP 
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ОМАНТЕН IN 60 SECONDS... 


BONES 


How does zero-gravity change my bones? 

On Earth the human skeleton must protect the body from 
(5 gravitational collapse day and night. In space, though, 

gravity no longer presses the spinal discs together, 
meaning the spine grows by up to four centimetres. A strong 
Skeleton is unnecessary in space and so the body gradually 
removes the minerals inside it. The bones slowly become brittle 
and shrink. The lack of sunlight only strengthens the process. 
After a maximum of four years in zero gravity, the bones would 
break even under the tiniest amount of stress. 


Three years ago US 
(5 scientists found the 

oldest human-like 
skeleton discovered to date. 
‘Ardi’, the name researchers 
gave her, lived 4.4 million 
years ago in modern-day 


Ethiopia. She was around 4ft 


: Is our skeleton 
emmy а constant building site? 


consisted of fruit, nuts and Our bones are subjected to enormous strain every day. 
leaves. With a volume of 350 Tiny parts of our skeleton are continually breaking and 
cubic centimetres Ardi had must be repaired. Two cell types are responsible for this. 


a relatively small brain – Old bone is broken down by cells called osteoclasts and 
about the size of the brain replaced by bone-building cells known as osteoblasts. It only 
of a chimpanzee today. takes six months for the entire bone calcium of an adult to be 


completely regenerated. If the osteoclasts demolish more bone 
than the osteoblasts can rebuild, osteoporosis (bone thinning) 
results and the skeleton becomes more susceptible to breaks. 
The chances of this happening increase the older you get. 


W OLD IS THE OLDEST 
MAN SKELETON? 


Where is the 
toughest bone 
in the human 


body? 


nkles 
Elbows, kneecaps, a 
— none of our 206 bones 
can compete with the 1 
toughness of the petrous bone. 


weighs just a 

encases our inn 

is no coincidence: 

vital hearing and balance ee 
re located. Even а knockout p ^ 
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AER is the toughest bone in the human body. 
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THE QUICKEST SENSE 
It takes less than a 
second for the brain to 
recognise a face — even 
though an estimated five 
trillion distinct facial 
physiognomies exist. 


AN YOU REMEMBER 


'OU'VE EVER SEEN? 


| Some peopt е have a rare abil ity to spot faces they ve barely glimpsed 
before,And they can even outdo computers whef it comes to picking | 


/а face from a crowd. Who knows, you might be one of them 


he І 


t was the biggest 
manhunt in London 
since the 7/7 bombings 
in 2005: when Alice 
Gross disappeared on 
28th August 2014, the 
Metropolitan Police sent 
600 officers out to look 
for her. The officers 
scoured the streets, 
sniffer dogs combed through parks 
and police divers searched the 
beds of canals and rivers, but in 
vain - until a new police unit was 
able to solve the case. In a short 
time, a specialist group comprised 
of ‘super-recognisers’ was able to 
achieve what their colleagues failed 
to do: they led the authorities to 
the girl’s body and identified her 
murderer, 41-year-old Latvian Arnis 
Zalkalns - using just their eyes and 
minds, without even leaving their 
desks at Scotland Yard... 


HOW CAN 100,000 PHOTOS 
CATCH A KILLER? 


Super-recognisers have a unique 
ability: they almost never forget a 
face - and can recognise it again 
and again, be it in a blurred photo 
or a shot in which the face is partly 
obscured. It's a process as precise 
as clockwork. To find Alice, the 
super-recognisers pored over 
thousands of hours of footage from 
over 300 CCTV cameras in a 6.5 
square-kilometre area around 
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(never forget a 
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WHO IS WALKING HERE? 


uper-recognisers from London’s 

Metropolitan Police look at 
images like this on a daily business. 
It shows Alice Gross on the day of 
her murder in front of Hanwell train 
station. It was only after watching 
thousands of hours of footage like 
this that the special unit was able 
to identify her and her suspected 


murderer Arnis Zalkalns (right) - and 


the place where their paths crossed. 
The CCTV images show that Zalkalns 
made four attempts over the next 
two days to hide Alice’s body in 

the River Brent. 


London’s Grand Union Canal. 
That’s where the 14-year-old girl 
was last seen. The task facing the 
super-recognisers? Identifying 
potential suspects from thousands 
of mostly blurred or indistinct 
images on file. For most people, 
they would probably appear as 
a hazy collection of pixels - but not 
for a super-recogniser. The reason? 
“Not everyone sees things in the 
same way,” explains Detective 
Chief Inspector Mike Neville, leader 
of the Central Forensic Image 
Team. So the police retraced the 
route that Alice Gross took through 
west London as well as that of the 
suspected culprit, who had also 
been reported missing. 


HOW DOES FACIAL 
RECOGNITION WORK? 


The average person will recognise 
only 20% of faces they’ve seen 
before. A super-recogniser will be 
able to recall up to 80%. “We can’t 
say with absolute certainty that they 
never forget a face, but put it this 
way: they can remember people 


A SUPER- 
RECOGNISER 
CAN IDENTIFY 
180 TIMES 
MORE FACES 
THAN A 
COMPUTER. 


LAST PHOTOS 

This is one of the last images of 
Alice Gross alive: on 28th August 
2014, the teenager was spotted 
on CCTV walking through London. 


they had just a fleeting encounter 
with ten years ago,” says Josh 
Davis, psychology professor at the 
University of Greenwich. They can 
outperform computers: even the 
most advanced machine is unable 
to match childhood photos with 
images of the person as an adult 
— it's a difficult task even for 
super-recognisers. In a study at 
Pennsylvania's Gettysburg College, 
super-recognisers correctly 
identified half of the childhood 
photos of celebrities shown to 
them, ten times what the average 
population managed. 

Facial recognition software, on 
the other hand, can fail when the 
person grimaces. Neville cites the 
example of the 2011 London riots, 
in which the software was used. 
"We had a database of 4,000 
images and the software 
recognised one rioter,” he recalls. 
"Can you believe that? In the same 
instance, one of our top super- 
recognisers identified 190 people." 

For the investigations team to 
succeed, the best sequences from 


INTERTWINED FATES 

Alice Gross (left) and Arnis Zalkalns, whose body 
was found shortly after Alice’s on 4th October 
2014. The CPS has confirmed that had he not 
killed himself he would have been charged over 
the death of the schoolgirl. 


the tens of thousands of hours of 
captured footage must be made 
available to the super-recognisers 
- as soon as possible. 

“When there have been crimes 
like murder or those that endanger 
public safety, members receive one 
or more images on their phones. 
They’re not given any background 
information about the case so their 
judgments remain unbiased,” 
explains Davis. But just because 
someone recognises a face ina 
photo doesn’t necessarily mean 
that they can be sentenced in court 
- just as a fingerprint at a crime 
scene doesn’t prove the guilt of its 
owner. “But an image is evidence 
and as such is as effective as 
fingerprints or DNA,” says Neville. 

An estimated one to two per cent 
of the population has this special 
ability, but most don’t know that 
they have it. “Га never heard the 
term super-recognisers, but Ра 
always managed to pick out 
suspects from CCTV footage or 
from photos that were circulated,” 
says super-recogniser Gary Collins, 


ARE YOU A 


SUPER- 


RECOGNISER? 


hink you’re good 
at recognising 
faces? Perhaps 
even rivalling the 
Met Police’s 
super-recognisers 
Idris Bada or Gary Collins? 
Now you have a chance to 
prove it. Professor Josh Davis 
from the University of 
Greenwich has developed 

a test with which you can 
measure your super-recogniser 
capabilities. Look at the 
pictures of the 'suspects' for 
five seconds and try to commit 
them to memory. Then turn the 
page and try to pick them out 
from the line-ups. But beware: 
it gets increasingly difficult 
from person А to person D... 


TARGET PEOPLE 
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IDENTIFICATION CENTRE 
To identify faces, the fusiform gyrus works 
with two other brain regions: the anterior 


HOW DOES THE BRAIN 


RECOGNISE A FACE? 


umans are experts at recognising 

faces. A specific region of the brain 
is responsible for this: the fusiform gyrus 
— a sort of high-performance recognition 
module. It only takes the brain 170 
milliseconds to respond to a face, twice 
the speed at which we blink. Its special 
feature? The brain processes faces 
‘holistically’, as a whole. It first decides 
whether what it has seen is indeed a 
face. Then the actual recognition process 
kicks in and the expression is analysed. 
In other words, it assesses a person’s 
emotional state as well as their facial 
features, preparing an appropriate 
response. It’s one of the mind’s 


temporal lobe and the occipital gyri. 


one of the best in his field. There’s 


no trick to it and it can’t be learned: 


"| used to work in graphic design 
before the police, so maybe 

it has something to do with 
attention to detail or pattern 
recognition. Who knows." 


ARE FACES ENCRYPTED? 


You're either a super-recogniser or 
you're not; those who display the 
talent present a real mystery to 
scientists. Like your average 
person, super-recognisers forget 
inanimate objects like flowers 

or furniture just as quickly in 

tests. Some also have trouble 


remembering names - they only 
recall where they saw the person 
and how they looked. "We know 
very little about how these people 
harness the power of their brain 
regions responsible for facial 
recognition more effectively than 
others. It seems that their ability is 
inherent," explains Davis. 

Five trillion combinations of basic 
facial features exist, meaning that 
there are about 700 billion more 
potential facial configurations than 
there are people on Earth. This 
makes every face like a unique 
code, one which super-recognisers 
can decipher better than the rest 


most remarkable feats. 


of the population — though our 
brains identify faces in the same 
way: "Brain scans show that our 
brains first perceive the basic 
shape of a face. Then it puts the 
spacing between the eyes, nose 
and other facial features in context. 
Super-recognisers are better at 
this," says Davis. This ability has 
become indispensable to the 
Met police; conviction rates have 
increased since the force started 
using super-recognisers. 

"Above all, their vision saves 
investigators time," says Davis. 
Time to hunt down the criminals 
before they strike again. 


l'D NEVER HEARD OF SUPER-RECOGNISERS... 
UNTIL THE TEST SHOWED | WAS ONE.” 


PHOTOS: Aurora/Getty Images; Camera Press/Ki Price/DDP Images; DPA-Picture Alliance (2); PR 


Solution 


hink you’ve memorised the suspects? Okay, now try to recognise 
ARE YOU A their faces in the line-ups below. Find suspect A in group A, 
suspect B in group B and so on. There’s an image of the suspect 
in each group. To simulate a real investigation situation — in which 
ЕН there are rarely optimal conditions - the pictures have either been 
distorted or shown from a different perspective. Once you've identified a 
RECOGNISER? suspect, write down the letter of their group and the corresponding number. 
a You'll find the answers at the bottom of the page - no peeking! 
GROUP A GROUP B 


f you correctly identified 

, three or four people, you 

e- | could be а super-recogniser. 

ө Discover more information 

about your result using an 
online test from the University 
of Greenwich. Good luck 

Se | identifying the ‘suspects!’ 1 


Е о Link to the test: 
tinyurl.com/greenwich-rec-test 
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More than 50,000 soldiers 
serve in Rio de Janeiro's 
military police force. On 

duty, they mostly represent 
the right side of the law. But 
once they hang up their 
uniforms for the day, many 
deal in drugs and work as 
contract killers. If any 
officers are murdered, 
payback is immediately 
sought: local residents are 
arhitrarily brought in for 
‘questioning’. In reality, this 
is more akin to an 
interrogation. Many are then 
shot. In the last year alone 
the deaths of more than 100 
police officers have been 
avenged in this way. 
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Toles tha ine moni the Olympic Games 


“civil маг” in the di At ner fente of the bloodshed 
is a corrupt police force who show no mercy 
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In Rio de Janeiro 1.4 
million people live in 
favelas (shanty towns) 
with the vast majority 
of this population 
living below the 
poverty line. Rio has 
one of the highest 
murder rates in the 
world — every day 
there are clashes in 
the favelas between 
rival gangs and the 
corrupt police force. 
Gang members are 
warned by text if 
uniformed officers are 
seen in the area: “Get 
out as fast as you can. 
Or go to ground and 
stay off the streets. 
There’s going to be a 
clean-up and there’s 
nobody to protect us.” 


"STAY OFF THE 


STREETS... THERE 9, 


GOING TO BE A 
CLEAN-UP AND 
ERE'S NOBODY 
PROTECT US.” 
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he first bullet of the night whistles 
through the air. It hits a 14-year-old 
drug dealer in his left eye, killing him 
instantly. The five police officers and 
seven gang members stand opposite 
one another, motionless. No one saw 
where the shot came from. The dirty 
dozen have just been negotiating 
protection money - business as 
usual for the crooked cops and 
slum-dwelling drug dealers. 

Suddenly, a police sniper perched 
on a nearby roof accidentally pulls 
his trigger - and the bloodbath 
begins. In the panic, four of the 
dealers don’t run fast enough. The 
rest call for back-up over their radios 
and empty their machine guns in the 
direction of their enemy. Children 
acting as lookouts let off fireworks 
on the surrounding hills: “The enemy 
is in the Alemão - and the battle is 
raging!" someone shouts. 

Against a backdrop of muffled 
gunfire the fighters are forced to flee 
deeper into the narrow alleyways of 
the favela. Because they know their 
enemy: the military police. Killers 
in uniform. Some dealers pray 
breathlessly as they run away... 

Up to 50,000 military troops are 
stationed in Rio de Janeiro. They're 
equipped in much the same way as 
US forces in Afghanistan - machine 
guns, armoured vehicles, helicopters, 
heavy weapons - and that's not all 
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Sealing off the crime scene 
isn't necessary. Nothing is 
investigated anyway. 
Sometimes it’s left to 
journalists to cordon off the 
area and take pictures. 


they have in common. Their mission 
is remarkably similar, too. But instead 
of taming the Taliban, they’re here to 
pacify the mega-city surrounding 
Rio’s Sugarloaf Mountain. It’s a war 
of attrition that has seen heavy 
casualties of both man and machine 
— helicopters have also been shot 
down over the favelas. 


A LIFE CAN BE BOUGHT 
FOR JUST $75 


“A civil war is raging — one that 
nobody can stop, or even wants to 
stop,” says Señor Bastos from the 
city authorities. Gangs are battling 
for control of the drugs and weapons 
trade and they’re as heavily armed 
as the soldiers sent in to tackle them. 
So are the military and police 
powerless to stop them? “No, not at 
all. The authorities join in,” says 
Samira Bueno, head of the security 
think-tank Brasileiro De Seguranca 
Publica. The police collect bribes, 


peddle drugs themselves or join 

one of the numerous death squads. 
Someones life can be bought for 

as little as 200 real ($75). The price 
depends on how difficult they are to 
find. Official statistics put the number 
of dead from police bullets in the last 
year at 580. “But these figures are 
drastically under-reported,” says 
Bueno. Each year a further 5,000 
deaths are categorised as “cause 

of death unknown”. And if a police 
officer ever gets fingered for the 
crime, he'll claim self-defence 

— thus shifting the blame on to 

the victim and removing the need 

for an internal investigation. 

But with the Olympic Games due 
to take place in Rio in 2016, it’s not 
surprising that the president of Brazil 
presents a much more positive view 
of the city. Dilma Rousseff likes to 
promote Rio’s sun-kissed beaches, 
the brand-new Olympic infrastructure 
— and the fact that celebrities like 
Madonna and David Beckham are 


rumoured to be sniffing around 
property in Rio's Vidigal favela. 41 
heard that, too," says Sefior Bastos. 
“It’s possible | guess, but then Vidigal 
is pretty much pacified these days." 
The rest of the 700-odd favelas are 
not – indeed, the 39 most dangerous 
ones have been 'occupied' by the 
military police and the army for over 
a year now. More than 1,600 soldiers 
are stationed in the Mare favela 
alone. A kind of military dictatorship 
exists in the centre of Rio. In spite 
of this, gun battles are still part of 
the daily routine. 
“Caveirao! Caveirao!” The cry 
echoes through the Alemão favela 
- until gunfire brings the yells to 
a sudden, bloody end. ‘Caveirao’ 
is the street name for the armoured 
vehicles used by the police, which 
often have a massive skull emblem 
on the side. Directly above is a 
mounted M2 machine gun, complete 
with cartridges the size of a child's 
hand. Team 19 has arrived. Men 


PHOTOS: Harvey/Magnum/Agentur Focus; Getty Images (4); DPA 


in body armour get out and 

pair up, weapons at the ready. 
Reinforcements for their comrades 
in battle: “Spread out!” Every 
movement, every glance, every 
command is directed with military 
zeal: “Secure the area! Fire at will!” 

Anyone who values their life should 
lay down their arms right now. With 
laser-like precision the soldiers shoot 
their way through the area. Every 
bullet hits its target. The resistance 
barely lasts a minute. Those still able 
to run have fled - leaving just three 
'gang members' behind, all of whom 
are wearing police uniform. "Zero 
One, this is Team 19. We have three 
colleagues," Captain Butragueno 
radios to HQ. He already knows 
what the answer will be: “Get out 
of there and let them go..." 

Clearly, arresting the police officers 
for drug dealing would be pointless. 
After all, if they filed a case against 
them, who would they send the 
paperwork to? M 


More than 100 crosses stand 
on Copacabana Beach. Each 
one commemorates a dead 

police officer. 


a dozen favelas in the north of the city, 
was stormed by the military police back 
- E 8 “іп 2010. In spite of this there-have been c 
= 7 7 б * f shootings With several fatalities every. 
есі: ru 77 night for the past 100 days. 


SH fan Complexo do Alemão; a-cluster of 


) 
7 


If you're old enough to hold 
EUM a weapon, you can become 
III а Soldado do Morro 

(‘ghetto soldier’) — the 
assault rifle comes free. 
City authority estimates 
put the number of young 
people in Rio owning 
heavy weapons at 
around 100,000. 
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ІНЕ COMPUTER MOUSE 


Death by. computer? What was impossible a few years agc a few years ago -— 4 4 


now a genuine threat. But attacks on operating rooms an on operating rooms and B d , 


orchestrated road accidents are only the tip of pus iceberg Ё i 3 
Eur 
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Sw; | ) | Keyhole surgery relies on miniature Ob 
f cameras and instruments which are 4 
led through the body to the treatment 
area hy catheter. In theory, hackers 


could manipulate these highly 
Л i : sensitive devices — or even shut 
OPEN NETWORK down the entire operating room. 
From display screens to x-ray ік zi 


equipment, different pieces of 
medical equipment generally 
communicate with one another 
without encryption. Hackers are 
able to read these messages — 


Í and can even alter them. | 


HOW SECURE IS 
AN OPERATING 
ROOM AGAINST 


ATTACKS’ 


l'a 1 Swabs, scalpels — and endless 
i | electronic devices. Without 
Lo — computers, surgeries today 
would grind to a halt. But while firewalls 
and virus scanners are no-brainers on 
desktop PCs, the operating room lags 
behind where security is concerned: the 
results of a study led by researchers 
Scott Evern and Mark Collao have just 
revealed that 68,000 medical systems 
in the US, including MRI scanners and 
infusion systems, are vulnerable to 
attack. If hackers gain access to the 
hospital network, they can manipulate 
equipment behind the scenes. 


ollywood, California. It’s shortly 
after four in the morning when a 
speeding Mercedes C250 shatters 
the silence of the night. The car 
runs at least two red lights on 
Highland Avenue; eyewitnesses 
later estimate it was doing at least 
130km/h, some even say 160km/h. 
Suddenly, at around 4.25am, the 
car veers sharply off the road, 
slams headlong 
into a tree 
and bursts 
into flames. 
The driver 
is killed on 
impact – 
smashed to 
pieces by the 
force of the 
collision alone. 
Police find the 
car’s engine a full 
50 metres away 
from the scene 
of the crash. 
According 
to the LAPD there’s nothing to 
suggest foul play, and just two 
days after the accident their 
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A TINY BIT OF KNOW- 
HOW IS ALL ANYONE 
NEEDS TO HACK INTO 
Ен. AN ANAESTHETIC 

? MACHINE 
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ANAESTHETIC OVERDOSE 

The anaesthetist controls the dose of 
anaesthetic given to a patient during an 
operation using a computer. A criminal;hacker 
could reduce or increase the dose of айпейісіпе 
to such an extent that it would endanger life. 


Florian Grunow, 
IT security expert 


۴ OPEN TRANSMISSION OF DATA 
Computers have been hooked up to cars 
for years to assist in areas like fault 
diagnosis. But it was only in 2013 that 
hackers proved that a car could be 


a cable and a laptop . — È 


report is filed away. The case 
is declared closed. But did they 
close it too soon? 


CAN A CAR BE HACKED OVER 
THE INTERNET? 


Investigators find neither significant 
traces of drugs or alcohol, nor 
bullet holes or any sign of explosive 
residue on the dead body - they're 
baffled as to why Rolling Stone 

and Buzzfeed journalist Michael 


Hastings suddenly lost control 

of his vehicle. Many theories 
abound, from him fainting or falling 
asleep at the wheel, right up to 

a depression-triggered suicide. 

All possibilities are plausible. “It 

is a very unusual accident and one 
consistent with a car cyber attack,” 
says Richard Clarke, former special 
advisor to the president on cyber 
security. “There is reason to believe 
that intelligence agencies for major 
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4 MANIPULATED TRAFFIC А 


Іп 2014 IT expert Cesar 
Cerrudo showed that the 
traffic lights of entire 
crossroads in many US cities 
could be tampered with. 
Traffic chaos would be the 
leastof people's worries in 


k this nightmare scenario. i 
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‘music streamed from 
Many luxury car manufa 


powers - including the US - know 
how to remotely seize control of 
a car. So if there were a cyber 
attack on the car, | think whoever 
did it would get away with it." 
But what would be the motive? 
Hastings had powerful enemies: 
the investigative journalist's 
revelations in a 2010 article for 
Rolling Stone effectively led to the 
dismissal of four-star US general 
Stanley McChrystal, formerly one 


of the most powerful men in the US 
army and commander of US troops 
in Afghanistan. What's more, at the 
time of his death, Hastings was 
busy working on a story about his 
next target, CIA director John 
Brennan: “I’m onto a big story,” the 
reporter wrote іп an email, "I need 
to go off the radar for a bit." Less 
than 24 hours later, he was dead. 

When, in 2013, Richard Clarke 
voiced his suspicions that Hastings 
had been murdered by hackers, he 
was dismissed as a conspiracy 
theorist. Blogger Mike Rothschild, 
who has investigated similar cases, 
says: "Wirelessly sending 
instructions to a car's computer 
System is basically impossible, 
because there's nothing to receive 
the signal. While new cars do have 
numerous computer systems, 
they're designed to monitor and 
control specific parts of the car, and 
they don't come with Wi-Fi access." 

But in July of this year hardware 
hackers Charlie Miller and Chris 
Valasek carried out the first remote 
hijacking of a car via the internet. 
For journalist Andy Greenberg who 
volunteered to go behind the 
wheel, it was the stuff of nightmares: 
the steering wheel moved as if by 
magic while he drove down the 
motorway. The car sped up and 
slowed down by itself. АП potential 
hackers need is a laptop and 
access to the internet. 

"You break into the car via its 
infotainment unit and from there 
move deeper into the system," 
explains Valasek. For their grand 
finale, Miller and Valasek rolled the 
Jeep into a ditch (in a controlled 
manner). The test generated huge 
amounts of negative publicity for 
manufacturer Fiat Chrysler, who 
were forced to announce a 
voluntary recall of 1.4 million cars. 


IS AN OPERATING ROOM SAFE 
FROM DIGITAL ATTACK? 


Unfortunately, cars are only the 
tip of the iceberg. Thousands of 


everyday electronic devices are 
connected to the internet — from 
fridges to TVs, electricity meters 
to petrol pumps, not to mention 
virtually all forms of transport. But 
what very few people know is that 
medical equipment including 
life-supporting devices also use 
computers to connect to the 
hospital data network. This means 
that, directly or indirectly, they are 
connected to the internet. While 
this allows hospitals to roll out new 
updates on a system-wide basis, 
the downside is that these devices 
are increasingly attracting the 
attention of criminal hackers. 

And as in the case of Hastings, 

a murder carried out by secretly 
manipulating the data input would 
leave just as few traces behind... 


Chris Valasek 
Hacker and director of vehicle 
safety at IT advisory firm IOActive 
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САМА HEART 


ATTACK ВЕ 
CAUSED BY 
THE CLICK OF 
A MOUSE? 


51 Pacemakers implanted in 
E the chest require network 
L=] connectivity to enable doctors 
to adjust the settings without the need for 
surgery. Some of them use Bluetooth 
-а wireless technology that is also used 
to exchange data on smartphones. This 
connection to a person’s heart could be 
hacked: as early as 2007, when the 
chances of such a murder were still 
dismissed as the stuff of science fiction, US 
security officials chose to exercise caution 
with then-vice president Dick Cheney. He 
had the wireless connection to his heart 
(via his pacemaker) disabled — allegedly 
out of fear of a digital assassination 
attempt. As Sujeet Shenoi from the 
University of Tulsa explains: “There are 
any number of ways to compromise 
medical devices and their firmware.” 


re 
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> віесігіс shocks to restart 


At a hospital in Germany, Florian 
Grunow, an expert in medical 
device security, recently succeeded 
in the first ‘hostile takeover’ of 
a respirator. The machine began 
to pump only intermittently and 
stopped reacting to commands. 


For a real-life patient, that would 

have meant death by suffocation 

in just a few minutes and Grunow 
admits, “Anyone with just a bit 

of know-how could have done it. 

When it comes to IT security, 


medical technology is still stuck 
in the 1990s. Most devices are 
completely unsecured.” They might 
contain the latest digital technology, 
but they are only protected by a 
rusty old padlock. Until the security 
gaps are closed, the details of this 
will naturally remain a secret... 
Meanwhile, IT security expert 
Billy Rios found it just as easy to 
establish a connection to a medical 
infusion pump that administers 
medicine to patients intravenously. 


DEFIBRILLATOR i 


Dick Cheney has suffered 

multiple heart attacks 

throughout his life. In such 
Ва chronic case, doctors 

equip the pacemaker with 

a mini defibrillator that uses 


» the heart if it stops. But 
unchecked, these devices 
Сап also cause the heart to 


t uncontrollably. Д fj қ 


All he needed was a special type 
of software. With access to the 
hospital network, a deadly 
overdose could have been 
administered with a simple click 
of a mouse. This kind of ‘update’ 
could be sent to the pump like 

an email. Rios explains that even 
Apple iPhones have a more secure 
system for receiving updates. 
When a user wants to install new 
software on an iPhone, the phone 
must download it from Apple’s 


DICK CHENEY, vice- 
between 2001 and 0 
and potential targe 


president of the USA 


2009 pacemaker recipi 
, pa pient 
t for digital assassins 


authenticated server: "At no time 
can arbitrary users on the same 
network 'push' an application 

to your iPhone,” explains Rios. 
“The pumps should [also] be 
pulling drug libraries from a place 
that they know is trusted.” 

During a two-year investigation 
into US healthcare facilities, Scott 
Erven proved that there are virtually 
no devices in the average operating 
room that are secure against a 
hacking attack. The IT expert, who 
specialises in medical equipment, 
found he could do any number of 
things: prevent defibrillators from 
working, randomly trigger the x-ray 
scanner, cause blood stocks to 
spoil by reducing the temperature 
of the fridge – in a nutshell he could 
bring the entire operating room 
close to total collapse. “Many 
hospitals are not even aware of 
these risks,” explains Erven. 


DO HACKERS MAKE MORE 
MONEY THAN DRUG BOSSES? 


Cyber criminals have been active 
for years. They hijack computers, 
freeze people’s files and hold them 
to ransom, empty online bank 
accounts or blackmail firms with 
stolen data. It’s a global industry 
with a $3 billion annual turnover. 
Europol claim that it’s “more 
lucrative than the trade in 
marijuana, cocaine and heroin 
combined.” Many of the victims 
remain silent for fear of their 
reputation being damaged - it’s 
only because of this that the crimes 
are not more widely reported. 

But if critical infrastructure is 
targeted as well as classical 
computer networks, that $3 billion 
figure could soon be dwarfed. 
Experts are concerned. “We can 
see that hackers will have a go at 
devices that are clearly critical 
medical systems,” says security 
consultant Ken Munro. “What’s 
even scarier is that the research 
shows that some medical devices 
have already been compromised.” 


Richard Clarke, 
US cyber security advisor 


For online criminals this means 

a whole new field of operation is 
now opening up - something the 
authorities are taking seriously. 
Since 2004 the FBI has compiled 
a ‘Cyber’s Most Wanted? list - the 
hackers at the top have bounties 
worth millions on their heads. 


ARE THERE DIGITAL 
HOSTAGE SITUATIONS? 


In the future, entirely new crime 
scenarios may be encountered: 
unscrupulous hackers could hijack 
the lives of patients and only free 
them once a ransom has been 
paid. The pressure to pay up 
immediately is huge in this kind of 
digital hostage situation — and for 
the attacker, the risk is minimal. 
That's why murder by mouse click 
is rare: far more cash can be raised 
through extortion. Perhaps the 
hackers who invaded Michael 
Hastings' car had this in mind, but 
decided to wreak a fatal act of 
revenge when the journalist refused 
to comply. The only certainty? It's 
unlikely the truth about what really 
happened will ever be revealed... W 
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BOOMING BUSINESS 
Companies invest millions in motivational seminars, 
work/life coaches give lectures to thousands of 
people and hundreds of self-help books promise 
guaranteed motivational tricks. But many experts 
claim that a lot of these strategies are completely 
useless — ог may even be demotivating... 


Money doesn't motivate? 
Never give up! 
Only you can motivate yourself? 


Think big and you can do anything! 


HUMAN BODY 


Lite; DOLD BY 


MOTIVATION 
EX MT 


MORE 


MEANS MORE 
MOTIVATED! 


Heather Kampf enters the last lap 
of the 600m race in the 2008 Big Ten 
event in Minneapolis. She’s in first place 
when suddenly she stumbles and falls. 
The three other runners overtake her 
and the race seems lost. But Kampf 
gets to her feet, continues the race 
and passes one rival after another 
— until she crosses the line first. How 
did she motivate herself to carry on 
running, even though victory seemed 
impossible? 


says motivation expert Steffen 
Kirchner. Kampf stopped focusing on 
the win and concentrated on the pure 
act of running. Recent evidence shows 
that concentrating too hard without 
a break means you stop perceiving 
what's around you. “That leads to 
demotivation and inner-emptiness.” 


INCREASES 
MOTIVATION 


“Believe me — you can do anything you 
want. Everything is possible if you believe. 
Yes, we can!” These words echo through 
thousands of conference halls around the 
world. However, an increasing number of 
psychologists are sceptical about this 
motivational mantra. 


warns psychologist Thomas Langens. 

A study has shown that candidates who 
had high expectations of their future 
careers after graduation made fewer 
applications and received fewer job offers 
than their more pessimistic rivals. And, 
two years later, the ‘optimists’ were 
earning less than those without inflated 
expectations. The promised success made 
them enjoy the desired future before it 
actually became a reality. Australian social 
psychologist Joseph Forgas reckons being 
a grump isn't necessarily a bad thing, and 
that rather than dismissing negative 
thoughts you should use their power 
instead: “Negative feelings often promote 
a style of thinking in people that is more 
attentive and adaptable,” he says. 


PRAISE 


DRIVES 


US ON 


Ө A famous motivational myth is that 
parents can’t praise their children too 
much. It’s the same with bosses and 
their employees — rave about their 
performance and productivity will surely 
rise. But excessive praise can damage 
motivation or even destroy it. A study by 
Joan Grusec from the University of Toronto 
has found that children who were praised 
for being generous were actually less 
generous than others in everyday life. 
The continuous praised behaviour was no 
longer considered valuable, but only as 
something that could be done to obtain 
the desired reaction from adults. Many 
researchers are now convinced that 
generations of parents have raised their 
children in the wrong way as a result of 
this motivational technique. They argue 
that constant praise can actually lead to 
demotivation as the child’s focus moves 
from enjoyment of the task at hand to the 
search for more praise. This can also be 
true for adults. “Praise works like a drug. 
The more often you use it, the higher the 
dose has to be to achieve an effect,” 
explains Steffen Kirchner. Researchers 
don’t advise against it entirely, but say 
that praise should be used in a more 
targeted, personal and genuine way. 


| 
MONEY 


DOESN'T 
MOTIVATE 


Ө “You can't buy motivation" — 
motivational speakers, life coaches and 
psychologists have been using this like a 
mantra in their seminars for years. “It’s 
а common myth," says Steffen Kirchner. 
He is convinced that a financial reward 
has quite a positive influence on 
motivation. In fact, researchers at the 
Institute of Cognitive Neuroscience have 
found that the human brain works faster 
even with a promised reward of just 50 
cents. But what happens in our brains 
when we come into contact with money? 
Neurologists are convinced reason and 
rational thought rarely play a role in 
financial matters. The area of the brain 
responsible for emotional gratification 
takes command when we're confronted 
with the prospect of hard cash. This 
emotional system governs our behaviour. 
Nothing else happens in salary 
negotiations or stock market crashes, 
when greed and fear suddenly push 
reason and understanding into the 
background. All of this suggests that 

the idea of money leaves no room in 

our heads for rational considerations 

— but directly activates the motivators 
in our brain instead. 


Bi 
NEVER 


GIVE UP 


Ф Just under 30 million — that’s the 
number of results Google turns up when 
you search for the slogan "never give 
up". Thousands of diagrams and texts 
carry just one message: Those who give 
up are weak — always push on if you want 
to stay motivated! But this is a blatant 
misconception, according to psychologist 
Carsten Wrosch. In his opinion, this 
philosophy might actually destroy 

a person's motivation. “If you persevere 
in an unbearable situation, both the 
psyche and physical well-being can 
suffer massively." Three studies by 
experts at Concordia University in 
Montreal have found that "never give 
up" is a motivational myth. People who 
are able to let go of unobtainable or 
senseless objectives are happier than 
those who hold on to them. According 
to sociologist Robert Goodin ^winners 
constantly give up." Steve Jobs is an 
excellent example: when he returned 

as head of Apple in 1997, he got rid 

of 340 of the 350 products that the 
company was producing at that time. 

He focused all his attention on the 
remaining ten. Today, Apple is the 

most valuable company in the world. 


YOU CAN 
ONLY MOTIVATE 


YOURSELF 


Ө For a long time, it was claimed that 
you could only motivate yourself. 
Motivation from the outside, or extrinsic 
motivation, was largely unproductive: 
punishments don’t work because people 
learn to endure or find ways to avoid 
them. And giving someone a reward for 
doing a task can diminish their intrinsic 
motivation for that assignment because 
they begin to feel like they should only 
do the task for external gains. This is 
called the overjustification effect. 
However, Steffen Kirchner is convinced 
that outside forces also play a role in 
motivating people. They can even be 
driven to excel by extrinsic motivation. 
That said, Kirchner believes it’s 
important to pay attention to three 
things. Extrinsic motivators must be 

1) few and far between, 2) surprising 
and 3) personality-based. “Motivation is 
the emotional fingerprint of a person,” 
says Kirchner. The better you know 
them, the more you can push their 
buttons to force changes in their 
behaviour. The motivation must be 
matched to the personality — and it will 
then work from the outside. Guaranteed. 


| 
THINK 
BIG - 


NO AIM IS TOO 
AMBITIOUS 


Ө Run a marathon in under three 
hours, lose a stone in six weeks, be 
promoted two months after being hired 
— many mental trainers preach the 
following formula for success: "The 
larger the target, the higher the 
motivation." But some psychologists, 
including Claudia Townsend from Miami 
University, now consider this 
motivational mantra to he dangerous. 
“Think big’ is a myth. In the worst 
cases, it can result in a total lack of 
motivation," she says. One study showed 
how our goals can actually stand in our 
way — especially when they are distant. 
If we are a long way from our target, the 
distance weakens our discipline. It leads 
to demotivation. To get motivation back 
on track, psychologists now advise 

a 'step by step' strategy — thinking in 
small stages. Focus only on the next 
game or run to improve your 
performance. If you want to climb 

a mountain, don't look at the summit, 
but at the intermediate stages. That 

way you'll draw motivation from the 
milestones you've already passed. 


Hl 
HAVING FUN AT 


WORK 


WILL 
MOTIVATE YOU 


Ө "The belief that only those who have 
fun can be motivated has now been 
debunked. It's complete nonsense," 
explains Steffen Kirchner. "Ask any 
former professional footballer, actor or 
top manager — not one will tell you that 
the job is always fun." The same applies 
to any other profession. But if having fun 
doesn't work, what is it that motivates 
people? "The most important prerequisite 
for maintaining long-term motivation is 
success," explains Kirchner. And the 
road to success is not usually fun — but 
involves great effort. In order to keep 
our motivation, therefore, it's not 
especially important to do something we 
like, but something we can do well and 
succeed at. Kirchner believes that it's 
important to understand your strengths 
and apply them specifically to each 
area: "Average people concentrate on 
mastering as many things as possible 

— champions only focus on being 

at the top of one field.” 


u 
AVOID 


CONFLICT 


Ө Conflicts occur everywhere іп 
everyday life — and they're especially 
common in the workplace. It's widely 
believed that they cost businesses 
money and are demotivating, which is 
reason enough for many companies to 
put a lid on conflict as soon as possible. 
Conflict managers can be consulted and 
de-escalation strategies utilised. But 
does conflict actually harm motivation? 
Not necessarily. In fact, it can drive 
employees to perform better. But it has 
to be the ‘right’ type of conflict: it’s 
important to distinguish between 
relationship conflict and task conflict. 
In relationship conflict, the motivation 
curve drops very rapidly in people who 
don’t get along with each other due to 
personality clashes. But task conflict 
(disagreeing over policies or 
procedures, or over the method or 
means of completing a task) can lead 
to an increase in motivation amongst 
employees. Studies have shown that 
discussions and conflict can encourage 
members of a team to think more 
positively. It means they can reflect 

on alternative methods and not rush 
into a hasty agreement. 


u 
SELF- 
BELIEF 


CREATES 
MOTIVATION 


Ө "For decades motivational speakers 
have been trying to sell lack of self- 
confidence as the root of all evil. But 
it’s a big motivation lie!” says Steffen 
Kirchner. He’s convinced that the cause 
and effect can be reversed. “The key 
to successful motivation isn’t always 
self-confidence, but often also 
uncertainty,” says Kirchner, who has 
scientifically analysed the motivation 
of professional sports people. Nine out 
of ten top athletes are uncertain about 
themselves. They train much more 
intensively than others because of 

this uncertainty. The best example is 
Lionel Messi, generally considered the 
greatest footballer of his generation. The 
28-year-old is the captain of Argentina, 
a four-time Ballon d'Or winner and 
Barcelona’s all-time leading goalscorer 
— but he still suffers from insecurity. 

It means his motivation to impress with 
sporting prowess is greater. 


T 
AVOID 
STRESS 


Ө Many psychologists see stress 
as being one of the biggest 
motivation killers. The reason? 
Stress is unhealthy, it can make you 
anxious, ill and fat. AII of this is true 
— at least when it comes to negative 
stress. However, positive stress also 
exists. Known as eustress, it's the 
polar opposite of negative stress 
and is highly motivating. The stress 
that helps you meet a deadline or 
prepare for an upcoming exam can 
һе very welcome. Stress is always 
positive if we can resolve it on our 
own and take action ourselves. 
Why? Because there's no growth 
without it. For example, if you want 
to build up your muscles, you have 
to put them under stress. Our 
willpower is also a kind of muscle 
that can be strengthened through 
strain and stress. "The important 
thing is that you see the sense 
behind the stress, otherwise you 
won't be motivated," explains 
Steffen Kirchner. 21 
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WORLD EVENTS 


THE GAMING 


MILLIONAIRES 


They sit at the computer for up to 15 hours a day, practising moves and 


formulating tactics. And they now earn more than World Cup winners 


he stadium is rocking. Thirty thousand 
fans scream at the top of their lungs, 
urging their favourite stars forward. 
The commentators’ voices crack as 
they describe a turning point in the 
match: “A surprise gank on the bottom lane brings 
them close to the opponent’s Ancient!” 
Gank? Bottom lane? Ancient? In soccer, the 
commentator would say something along the lines of: 


“A quick counter-attack down the left wing exposes 
the opponent’s defence.” But this isn’t soccer. What 
millions of people are watching in cinemas and on 
screens around the world is e-sports. The final of The 
International 2015, to be precise. With a prize pool of 
$18 million, it’s the most valuable tournament for gamers 
on the planet. On 8th August, Clinton ‘Fear’ Loomis led 


his team, the Evil Geniuses, to the $6.5 million first 
prize. That means, per head, the online players earned 
more than Germany’s 2014 World Cup winners! 


HOW DO YOU BECOME A 
PROFESSIONAL GAMER? 


The game they played was Dota 2, a strategy game 
in which two teams of five players compete against 
each other. The aim seems simple enough: to 
destroy the enemy base, or ‘Ancient’, using their 
pick of 107 characters known as Heroes. But the 
method is extremely complex. 
“It’s a combination of soccer and chess,” explains 
Su-Leo Liu, one of the commentators. Only those who 
can react in a fraction of a second and anticipate the 
movements of their opponents can play against the > 


ROM RAGS | 
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yed 'SumalL' Hassan is 


т the youngest millionaire 
in e-sports history. As 

part of the Evil Geniuses 

team, the 16-year-old 

won The International 

2015, a Dota 2 


tournament. Hassan 
moved to the United 
States from Pakistan 


just a year ago. He could 
only play in internet 
cafes in Karachi. 
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millions of screens. 


PLAYING THE GAME! 
x Use the free viewa app and 
scan this page to watch the Evil 
\viewa Geniuses in action. And more! 
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This is а screenshot from Dota 2. Тһе aim is to beat 
the opposing five-man team and destroy their base. 


23, millionaire 
Known for his 
in-game leadership ; 
and calculated g 
‘drafting’, which P. 
sees him selecting бі 
the game 
characters (Heroes) 
before the match. 


best - and make a living from the game. “A really 
good player can now earn a thousand times more 
than during my playing days," says gamer-turned- 
commentator Dennis Gehlen. The revenue comes 
from advertising, streaming games on video channels, 
as well as tournaments. 

“It’s a viable career opportunity, but we're under 
immense pressure every game," says ex-pro gamer 
Zou Yitian. "You have to win to earn money." 

No victory, no cash. And to win, you have to train 
hard. Some players, such as Danil ‘Dendi’ Ishutin from 
the Na'Vi team, have brought skills learned in other 
disciplines to the e-sports arena. Ishutin uses the piano 
lessons he enjoyed as a child to great effect. Thanks to 
this dexterity his fingers fly over the keyboard, making 
him one of the fastest players on the Dota 2 scene. 


Believe it or not, players also need to adjust their diet. 


Healthy, protein-rich food is required because the body 
needs a defence against the hours spent sitting in front 
of a monitor. Many professional players also rely on 

yoga to both strengthen muscles and completely relax. 


Above all, they have to play - up to 15 hours a day. 
That's exactly what the youngest member of the Evil 
Geniuses team does. Syed Sumail 'Suma1L' Hassan is 
only 16 but he's been playing Dota since he was eight 
- in an internet cafe in Pakistan because his parents 
couldn't afford a computer. Sumail emigrated to the 
United States a year ago and is now a millionaire. 


WHY ARE YOU OVER-THE-HILL AT 30? 


Very few gamers are older than 30: their reactions 
slow down over time. "You're always a crucial one 
thousandth of a second slower than the younger 
players," explains Dennis Gehlen. After their careers 
are over, former players can become coaches or 
managers to a new generation of pros. Coaches 
analyse their opponent's strengths and weaknesses 
and watch their protégé's games to give advice. Other 
ex-gamers become commentators and analyse the 
play. Then their voices crack when a surprise gank 
on the bottom lane brings the attacker close to the 
opponent's Ancient – and millions of dollars. W 
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SYED SUMAIL 
‘SUMAIL’ HASSAN 
16, millionaire 

The youngest 
millionaire on the 
scene. Born in 
Pakistan, the teenager 
is only in his first year 
of playing for the Evil 
Geniuses, but has 
already won victories 
in the Dota Asia 
Championships and 
the all-important 

The International. 


SAAHIL 
"UNIVERSE 
ARORA 

26, millionaire 

The American is a 
veteran of the circuit 
and has taken part 
in all five of The 
International 
tournaments. He got 
to the final in his 
first, but lost to the 
Na'Vi team. He's now 
won it with the Evil 
Geniuses. 


KURTIS 

'AUI 2000' LING 

23, millionaire 
Following the victory at 


The International, Kurtis 
had to leave the team and 


now plays for the 
American Digital Chaos 
outfit. His place in the 


Evil Geniuses was cleared 


for 19-year-old Artour 


'Arteezy' Babaev, who is 


considered one of the 
biggest talents in the 
history of Dota. 


CLINTON 
‘FEAR’ LOOMIS 
21, millionaire 

One of the founding 
members of the Evil 
Geniuses, Loomis 
started in gaming 
without his mother's 
permission. Known 
for his coolness 
under pressure, he's 
the team captain 
and is affectionately 
referred to as 'Old 
Man Dota'. 


\ TURF WAR! 
Use the free viewa app and scan 
this page to watch a lioness defend 
her territory against a lion. And more! 


NO, NOT TODAY! У 

As if controlling the savannah wasn’t 
enough to keep a male lion busy, Пе 
also has to deal with a demanding 
partner. That’s demanding in an 
intimate sense. You see, when he’s 
in the mood but she isn’t, nothing 
happens. But when she’s ready to 
breed, mating can take place up to 
50 times a day. Why? Because lion 
fertilisation is a complicated affair: 
roughly 3,000 intimate encounters: 


, 
/ 
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are needed before a cub is born. E 


LEAVE МЕ 
ALONE! 


Given his ‘King of the Jungle’ moniker, you'd think a male lion has it made. 
Wrong! He’s got demanding lionesses, disrespectful giraffes and swarms of damned 


mosquitoes to contend with. And then there’s all those calories he’s eating 


ROUND ONE: HONOURS EVEN 
This lion doesn’t have it all his 
own way. Springing a surprise 
ambush on a warthog, the lion 
relies purely on his fearsome 
presence to gain the upper 
hand. Big mistake. The hog 
may be a little slower than 
the lion but it is much more 
agile and immediately 

mounts a counter-attack. 
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t stands there forbiddingly, extends 
its mighty chest and lets out a roar: 
the lion pushes air over its powerful 
vocal folds at a staggering 80km/h. 
The result is a 115 decibel roar, 
equivalent to the volume of a rock 
concert. It demonstrates power, 
strength and dominance over 

the wilderness. It’s just a shame 

no one told the wilderness. 

Male lions don’t have much going 
for them in savannah circles. Take 
hunting, for example. Lions are team 
players - which is another way of 
saying that the females do all the 
work. Lionesses are lighter than the 
males and put their superior agility 
to good use when happening upon 
a herd of buffalo. The attack phases 
follow a familiar pattern: with claws 
extended one lioness pounces on 
an unfortunate buffalo. Despite the 
hapless beast having a powerful 
acceleration force of up to 3G - 
roughly what a rocket produces 
when taking off — it can't escape 
the big cat tag-team. 

While the first lioness sinks 
her teeth into the buffalo's spine, 
another grabs the buffalo's snout in 
her mouth to cut off its supply of air. 
While all this action unfurls around 
him, the male lion simply sits and 
watches. Nope, hunting just isn't his 
thing - strange, given his three- 


MASS EVACUATION 


Your eyes are not deceiving you: these 


lions have taken refuge in this tree 


— and not because they fancy chilling 


for a bit. They're here to escape 
the millions of tsetse flies that have 


appeared following a sudden downpour. 
The flies’ bites can be devilishly painful 


and even transmit deadly diseases. 


WHAT FALLS FIRST: LION OR BRANCH? 
Lions are cats, so of course they’re good 
climbers. And the branches hold the 126kg 
lionesses with ease. It's a hit trickier for 
the males. Being 100kg heavier, they should 
really stay close to the trunk — just in case. 


metre-long body and broad, 123cm- 
high shoulders. But ripped physique 
notwithstanding, lions are no match 
for some of their neighbours on the 

savannah. One well-placed footstep 


from a 1.8-ton giraffe would spell 
curtains for the king of the jungle, 
while it can barely lay a claw on 
impalas or gazelles, both of which 
run up to 30km/h faster. Sprinting 


INVISIBL 
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- and in the 
deadly sle 
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after them wouldn't do any good 
because a male lion's heart 
makes up just 0.4596 of its body 
weight – short bursts of speed 
are feasible, but that’s all. 
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Meanwhile, its diet means health 
insurance is out of the question: the 
lion eats about 48,000 calories per 
meal, and we're not talking about 
lean meat. That's why a 20-year-old 


WHAT'S THAT 

DANGLING THERE? 

This is a kigelia tree, though one 
look at its 50cm-long fruits will 
tell you why it's also known as 

a sausage tree. à 


antelope has around eight years 

on the lion that hunts it. As a result of 
their nutrition, lions like to spend their 
days dozing. And roaring. Because, 
that, at least, they're good at. W 
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graphene 
arent and foldable, 


ЕНЕ 


SUBSTANCE 


WAY VIEL 
CHANGE OUR 


ГОТОВЕ 


Researchers have created а material from individual carbon atoms, опе that could 


change the world: graphene. It’s seen as being the substance that will catapult us 


into a new age - even though it shouldn't really exist at all 
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ow do you make some of the 
most renowned physicists of our 
time jump for joy? It’s quite 
simple. Just start talking about 
perhaps the most groundbreaking 
discovery of the past 100 years: 
graphene, the first 2D substance 
in the world. It’s a miracle material 
that for many experts represents 
the starting point for a radical 
change to our future lives. 
Graphene consists of nothing 
but carbon - a substance found 
across the planet. It’s in pencil 
leads, vitamins and is the key 
ingredient for life on Earth. Yet we 
still Know little about the material 
involved in 90% of all chemical 
compounds. Researchers are 
only now getting to grips with 
graphene’s capabilities. 
“Graphene is truly unique,” 
says Tomas Palacios, head of 
MIT’s graphene research unit. 
It conducts heat more effectively 
than copper; is transparent yet 
absorbs light; boasts electrical 
conductivity 100 times faster 
than silicon; is 80,000 times 
thinner than a human hair; is 
200 times stronger than steel; 
is extremely flexible; is so 
dense that even helium - the 
smallest gas atom - is unable 
to pass through the material. 
Klaus von Klitzing, Nobel Prize 
in Physics winner, says graphene 


is the "best two-dimensional 
system in the universe." Its 
capabilities are endless: 
"Depending on its form, it can 
develop different powers." So 
how was graphene discovered 
and how do scientists hope it will 
shape our future? 


HOW SELLOTAPE 
CHANGED THE WORLD 


Until October 2004, graphene 
had something of a bad name 
among the scientific community. 
It was regarded as a substance 
that couldn't possibly exist. 

The reason for this is its unique 
structure: a one-atom-thick layer 
of carbon arranged in uniform 
hexagons to form a honeycomb 
lattice. This makes it a two- 
dimensional substance, even 
though physics has long believed 
2D substances to be unstable 
and therefore physically 
impossible at room temperature. 
Even Andre Geim, one of the 
substance's discoverers, thought 
the material shouldn't exist: 

"Ask 99.996 of scientists. They 
would've said the idea of a 2D 
material was rubbish and that 
graphene shouldn't exist." 

It was a concept that was 
eventually proved wrong by Geim 
and his student Kostya Novoselov 
— they later won a Nobel Prize for 
their discovery. One Friday in 
2004 the two scientists were 
playing with a strip of Sellotape 
and a block of graphite. They 
stuck a piece of Sellotape to 
the graphite and realised that an 
extraordinarily thin strip of carbon 
remained stuck to the tape when 
it was peeled away. To remove 
more layers, they placed the 
carbon-covered tape on a silicon 
plate that was covered with 
a photoresist – and again, 
peeled the tape away. 

The result was high-quality, 
stable graphene - and the 
undermining of a natural law > 


)) THE 


CARBON 
UNIVERSE 


GRAPHENE 


©THE SUPERHERO 
Consists of only one layer of carbon 
atoms — making it both the thinnest 
and strongest structure on Earth. 


GRAPHITE 


©THE HEAT RESISTANT 
In purely chemical terms, graphite is multi- 
layered graphene. The stacked graphene can 
only be deformed at 2,500 degrees Celsius. 


DIAMOND 


©THE UNSHAKEABLE 
This also consists of pure carbon, but 
arranged in a crystal lattice. No natural 
material on Earth is harder. 


BUCKYBALL 


©THE PRACTICAL 
This could be very useful in medicine, 
as its binding helps to counteract the 
free radical theory of ageing. 


NANOTUBES 


©THE NERD 

Chemically, it’s simply rolled graphene. The 
United States used these stable tubes in 
the construction of its F-35 stealth fighter. 


LONSDALEITE 


©THE OUTSIDER 
Also known as hexagonal diamond, 
this has similar properties to carbon 
atoms, but the structure is altered. 
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PIT 1S LIKELY 
THAT GRAPHENE 
WILL PLAY A 
; PROMINENT ROLE 
IN THE FUTURE 
OF HUMANITYZ 


Klaus Muellen, Director of Max Planck 
Institute for Polymer Research 


| T SUBBTANGE WORLD? 
_ Researchers from the Max Planck Institute of 
| Solid State Research investigate how graphene 
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HOW FLEXIBLE? 


HOW HARD? А Graphene is not only extremely strong, it’s 
The tensile strength of graphene is around 3 also flexible. The miracle material can be 
130 gigapascals (GPa). That’s the greatest stretched or bent out of shape by up to 


strength that has ever been measured — | 20% — without being destroyed. 


up to 200 times stronger than steel. 


HOW DENSE? 


dimensional 
material in the 
world. The honeycomb 


structure makes it 
impermeable to gases 


even the lightest atoms 


HOW THICK? 


| | 

HOW CONDUCTIVE? 

| | 
d т effectively than copper and conducts heat 
= die 
Ebola virus pathogen. to improve the construction of supercomputers. 


Ð GRAPHENE UNCOVERED 


HOW DO YOU CREATE THE FASTEST COMPUTER University of California were using graphene transistors 

IN THE WORLD FROM A PENCIL? to construct a computer with a computing power of 
If you take the top layer from a pencil lead (graphite), you 427 gigahertz — that's around 200 times faster than 
get graphene. This material conducts electricity and heat a modern laptop. It could soon be market-ready technology. 
better than copper and, at 0.3 nanometres, is considerably Another possible application of graphene could be in 
thinner. If it were possible to create transistors (see above) the construction of new high-performance batteries. 
— a component that controls the voltage in electrical Not only would these have ten times the storage capacity 
appliances - out of graphene, it would revolutionise modern of conventional batteries, they could also be recharged 
communications technology. And we're not very far away in a matter of minutes. It's a technology that could be 


from doing this. As far back as 2012, researchers from the particularly useful in electric cars. 
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“PEOPLE ARE 
CONSIDERING USING 
GRAPHENE’S 
EXTRAORDINARY 
PROPERTIES IN A 
MYRIAD OF 
APPLICATIONS.” 


Andre Geim, Nobel Prize Winner in 
Physics and discoverer of graphene 


that had never previously 
been called into question. 


HOW STRONG IS 
A FINGERPRINT? 


Graphene is now the focus of a 
multi-million dollar market. Over 
25,000 patent applications for 
graphene-based products have 
been published worldwide since 
its discovery. It’s likely that new 
manufacturing methods will be 
required to cover the rapidly 
increasing demand. 

A research group from Germany 
may have found one solution to 
this problem. The team managed 
to extract graphene from sweat, 
which also contains carbon 
atoms, through a process known 
as chemical vapour deposition. 
Subjects were asked to leave 
a sweaty fingerprint on a sheet, 
which was then baked in 
а vacuum oven at 700 degrees 
Celsius. The result: graphene. 

In future, it should be possible 
to extract large quantities of 
graphene from any liquid that 
contains carbon - like acetone, 
for example — using this method. 
And because liquids containing 
carbon compounds are readily 
available and inexpensive, mass 
production of the incredible 
substance is well within reach. 
As Geim points out: "Typically 
it takes 40 years for a new 
material to move from the lab 
into a consumer product, but in 


Andre Geim created graphene for 


the first time in 2004 — using carbon 
and sellotape. In 2010 they received 
a Nobel Prize for their work. g^. 


less than ten years graphene 
has jumped from our lab into an 
industrial lab and now there are 
pilot products all over the world. 
So, it probably deserves the 
superlative of the fastest 
developing material too." 


A REVOLUTION 
INSPIRED BY A PENCIL 


Although scientists believe 
graphene will be the material 
of the future, it's already being 
used. Canadian-owned firm 
Graphene Lighting plans to 
launch a graphene light bulb 
by the end of 2015 It's a product 
that "uses less energy than 
energy-efficient LED technology, 
has lower production costs 
and is produced with sustainable 
materials," explains Colin 
Bailey, a professor at the 
University of Manchester. 

Though the miracle substance 
and potential uses are still in their 
infancy, the innovations already 
being put to use sound like the 
stuff of science fiction. In 2014, 
tech giant Samsung filed a patent 
for the production of graphene 
touchscreens that can be folded 
or rolled. Graphene is already 
used in Novak Djokovic's tennis 
racquet and may be used in 
bulletproof armour, now new 
research has shown it can 
withstand bullets. 

The substance has another 
impressive feature to add to its 


roster: it's both transparent 
and light-absorbent – perfect to 
capture solar energy. Researchers 
at the University of Barcelona 
achieved 50% efficiency using 
solar cells made of graphene 
and 6096 should be possible 
- dizzying values that are 
two times more efficient than 
commercially available cells. 
Graphene has even been 
shown to work as a filter that 
removes sodium and chlorine 
from water. To convert graphene 
into a salt filter, engineers from 
Lockheed Martin pierced 
nanometre-sized holes in the 
substance: these allow water to 
pass through, but block other 
substances. These graphene 
filters are 500 times thinner than 
the best existing filters and only 
require about 196 of the energy 
currently needed to make 
seawater drinkable. The 
technique has already been 
trialled in desalination plants. 
Graphene's potential has stirred 
the interest of Australian mining 
firms, eager to find graphite 
deposits which have so far been 
largely ignored by the industry. 
According to Valence Industries 
chief executive Christopher 
Darby, whose company own 
a graphene mine in South 
Australia, there are enough global 
deposits to supply the world for 
"tens of thousands of years." 
Great news for humanity. LZ] 
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icroorganisms are everywhere: 
in the air, on our food, even in 
our bodies. Without them we 


couldn’t breathe or eat. Ten billion 
microbes live on and in our bodies, 
governing our very existence. Every 
individual cell in the body is occupied by 
ten unicellular organisms. A third of all 

of the metabolic processes which take 
place in our blood are carried out by 
bacteria rather than our own cells. Some 
researchers even believe that a human 

is not its own individual creature, 

but a mixture of different organisms 

- a so-called holobiont. “We are nothing 
more than a bacterial colony on two 
legs,” says Jeroen Raes from the Flemish 
Institute for Biotechnology based in 
Flanders, Belgium. Up to a trillion bacteria 
inhabit a single centimetre of the 
intestine. The flora of the gut fulfil 15,000 
functions, including the elimination of 
germs, the production of vitamins and 
strengthening of the immune system. 


This image shows the handprint of an 
eight-year-old boy. The petri dish was 
stored at 37 degrees Celsius for 48 
hours, as well as three more days 

at room temperature (20 degrees 
Celsius). The result? Around 4,700 
types of bacteria from 150 different 
microbe families were found. 


Some types of bacteria may even play a role in 
regulating how people think and feel. They do so by 
producing special neurotransmitters or occupying 
the regions of the brain responsible for 
emotions and putting them out of action. 


The composition of 
our intestinal flora 
determines whether 
or not we will 
become obese. 
Microbes from the 
Firmicutes phylum 
transform even 
healthy fibre into 
sugar and fat 
— this means the 
person absorbs 
extra calories and 
gains weight. This 
species of bacteria 
is often found in the 
gut of obese people. 


The flower-shaped colonies 
(white area, bottom right) are 

: formed of rod-shaped bacteria 

/ that thrive in dirty conditions. In spite 


м of this they have medicinal uses, such 
A as the production of antibiotics. Our 
A } microbiome — the sum of all bacteria living 
s 3 on a human — is so unique that in future it may 
$ һе used їо identify criminals instead of fingerprints. 


QUESTIONS 8 ANSWERS 


WHY DOES TIME 
FLY WHEN 
WE’RE OLDER? 


A single summer can feel like it lasts 
forever when you're a child, but for an 
adult the same time period will usually 
pass much more quickly. There's a 
simple explanation for this: life speeds 
up as we age. When you're a year old, 
those twelve months represent all the 
time you've ever known. But as you 
get older, a year becomes a much 
smaller proportion of all the time 
you've experienced. For a five-year- 
old, one year represents 2096 of their 
entire life. At 50, the same period is 
just 296 of that person's life. This 
is why time seems to speed by 
the older you are. 


To date, 

12 drugs 
have been 
successfully 
tested in a 
study 
using the 
digital 
heartbeat. 


Can a computer 
How small can robots be? react to a medicine? 


These things may look like butterflies but they're actually Scientists in Tokyo have developed a three-dimensional 
small robots. The tiny machines, which can remain in the computer model that simulates the 22 million muscle 
air for up to four minutes, are called eMotion butterflies. cells of a beating heart. This method should make it 
Engineers succeeded in building them by precisely imitating possible to test the effect of new drugs on the heart. 

the natural movement sequences of real butterflies — small Animal testing could become a thing of the past. The 
infrared cameras allow them to circle one another without model can realistically simulate the dose of certain 
colliding. It's a technical breakthrough that could prescription drugs which threaten to upset the natural 
revolutionise the control systems in factories with rhythm of the heart if not properly tested. The simulation 


cross-linked machines, and surveillance plants. may also help to solve other heart conditions in future. 


WHICH ANIMAL HAS 
THE WEIRDEST DII 


Costasiella kuroshimae, also known 
as the leaf sheep nudibranch, looks 
like an underwater plant — and it also 
eats like one. In fact, it's one of the 
only animal species in the world that 
can carry out photosynthesis. The 
sea slug, found in the oceans off 
Japan, Indonesia and the Philippines, 


“ 


feeds оп algae. But instead of , г? I ; ХА 
digesting the plant completely, it с” % | 

incorporates the algae's chloroplasts ы P 

— the parts of the plant responsible Р ; 7? 
for photosynthesis - into its own ; > 

body. The shell-less mollusc is then 3 " GUN 

able to use the chloroplasts to take =: s ج‎ 


~ 


energy from sunlight and transform it 
into oxygen and glucose, allowing it 
to live for several months without 


сзчла пуч ота ago: “a ae! The green “leaves” that make Costasiella 


for an animal perhaps, but one that kuroshimae look like a plant are in fact 
plants are completely at home with. conical structures called cerata. 


The thought of a contagious cancer 
Scientists predict is enough to make the blood run cold. 
the Tasmanian devil Unfortunately for the Tasmanian devil, 
will be extinct by 2035. : ' VR 
the marsupial native to Australia's 
island state, this nightmare has 
become a reality. Up to 9096 of the 
species has been wiped out by a 
vicious, infectious malignancy known 
as Devil Facial Tumour Disease, 
first documented in 1996. When an 
infected devil bites another, often 
to deter a rival during mating season, 
live malignant cells break away from 
the original lesion and are transferred 
to a new victim. Soon after infection, 
bulging lumps distort the mouth, 
spreading to the face, neck and even 
the brain. Eating is impeded and the 
animal starves to death. A lack of 
genetic diversity among the devil 
population means that the transmitted 
tumours are not recognised as foreign 
invaders by the recipient animal’s 
immune system, facilitating the 
cancer’s unchecked spread. 
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QUESTIONS & ANSWERS 


WHERE ARE gf 
THE MOST fi 
ADVANCED j. 
ELEVATORS? J 


The planned Edison Tower 
in Manhattan, New York, will 
be a 1.3km-high tower with 
almost 300 floors. In order 
to travel up and down it, 
fast lifts will be required. 
The problem: steel cables 
that could hold such 
gigantic elevators are much 
too heavy. But a magnetic 
lift system developed by the 
firm ThyssenKrupp should 
now come to the rescue. 
The free-floating system 
could allow lifts to reach 
new heights and even travel 
horizontally or diagonally 
(and switch between the 
two) as it travels. 
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The tower is А И = 

so tall taat Turbines will = 

green parks convert the = 
will be rising air in 
installed the tower 
inside. into 


electricity. 
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The building will cover 
an area 2.5 square 
kilometres in size. 
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The planned 
Edison Tower from 
developer Frank 
Jendrusch is set to 
break all records 
with its height of 
1.3 kilometres. 


The new lifts 
will be 
considerably 
= more nimble 
than the old 

13 models: they 
will be able 

to change 

direction while 
they’re moving. 
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The maximum 
length of a lift 
cable is 600 
metres — above 
this it becomes 
too heavy. This 
is why a new 
system is being 
constructed. 


The new 
system will 
allow elevators 
to ‘float’ 

to their 
destinations. 
Repelling 
magnets will 
propel the 

lift cars. 
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The current highest 
building in the world, 
the Burj Khalifa in 
Dubai, is 830 metres 
tall. In comparison, 
New York's Freedom 
Tower (left) is just 
546 metres high. 
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WHAT ARE 
“TERMITE ISLANDS‘? 


Termites build a wide-reaching network of corridors under 

their four-metre-high mounds, which ensure the ground is 

well-ventilated. Through this tunnel system nutrients are MOST DANGEROUS 
transported from the deep layers to the top. For this r1 

reason the earth surrounding termite hills is much more 

fertile than elsewhere. If there's a flood the termites 

drown, but green plants and bushes shoot from the 

fertile soil and allow small wooded islands to form. 


І MOSQUITO — Mozzies transmit disease, 
including malaria, yellow fever and West 
Nile virus, killing 725,000 people a year. 


2. SNAKE - It's thought that up 
to 250,000 people a year are killed 
by snake bites. Many of these are 

inflicted by the Indian cobra. 


3 DOG - Rabies transmitted by dogs 
is responsible for at least 59,000 human 
deaths per year. No surprise given that at 
least 25 million street dogs are infected. 


Up to 150,000 termite 
islands have been created in 
Botswana’s Okavango Delta. 


А TSETSE FLY - Sleeping sickness claims 
50,000 victims a year. The culprit: parasites 
transmitted by infected tsetse flies. 


5 KISSING BUG - The kissing bug feeds 


on human blood. It transmits Chagas disease, 
which kills around 10,000 humans a year. 


6 FRESHWATER SNAIL - The snail 
is a natural reservoir for the larvae of the 

parasitic worm Schistosoma, which causes 
bilharzia and kills at least 12,000 per year. 


1 TAPEWORM - 2,000 people a year 
die from cysticercosis, a disease caused by 
tapeworms. The larvae form deadly cysts in 
the liver, lungs and central nervous system. 


CAN A LOST MEMORY 
BE RETRIEVED? 


What happens to lost memories? US researchers from 
Massachusetts believe that the memory still exists in the 
brain – we just don’t have access to it anymore. When 
the formation of new proteins in brain cells is blocked 

- in Alzheimer's disease, for example – the memory 

can no longer be recalled. Now researchers have 
succeeded in re-establishing the connection between 
neurons and the memory in laboratory mice using 
sensory stimuli. This method could one day reverse 
memory loss in Alzheimer's patients. 


8. CROCODILE — In south-east Asia 
and Africa crocodiles are the cause of more 
than 1,000 deaths per year. They drag their 
victims underwater so that they drown. 


9 HIPPOPOTAMUS - Hippos cause 
at least 500 deaths per year, possibly 
more. Many victims are trampled to death. 


10 LION — 100 people are eaten by 
lions every year. When humans enter their 
territory, the encounter often ends fatally. M 


) е In order to entice their prey, LA | dig deep into. 
d their bag of tricks. So deep that their hunting technique 
hg) ; ES only be viewed i in wd -slow notomp 


tis the most fascinating and 
effective stealth fighter in 
the oceans. Hippocampus 
bargibanti - a thumbnail- 
sized pygmy seahorse - 
lives between the glowing coral 
reefs of the Pacific. Judging by 
the image here, you’d be forgiven 
for thinking that its appearance 
primarily serves to hide it from 
natural predators like small fish. 
But in fact the opposite is true: 
its coral-camouflage actually allows 
it to come as close as possible 
to its unsuspecting prey. Because 
what it feeds on is fast. Extremely 
fast. If threatened, copepods 
can catapult themselves forward 
a distance equivalent to 300 times 
their own body length in just one 
second. By way of comparison, 

a cheetah manages just 30 body 
lengths, even when running flat out. 
A hot pursuit isn’t really on the 

cards for the seahorse, then. So 
how does a creature boasting a top 
speed of under 0.001km/h manage 
to catch the fastest organism on 
the planet? By waiting, that’s how. 
Using high-definition high-speed 
cameras and super-slow motion, 
researchers have now discovered 
that the pygmy seahorse remains 
motionless in the coral for hours — 
waiting until a copepod is less than 
two millimetres away from its mouth. 
Then it snaps its head forward and 
bites down - all within a thousandth 
of a second. Too fast for the human 
eye - and usually too quick for the 
tiny copepod to react to it, too. In 
fact, the pygmy seahorse enjoys 
a healthy success rate of 7996. 
Pretty good going for the slowest 
marine-dweller in the world. Е 
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LETTERS 


Welcome to World Of Knowledge's Letters page, where you can share your thoughts 
on anything you see in the magazine. Write to us at World Of Knowledge, GPO Box 


4088, NSW, 2001 or email us at worldofknowledge(dbauer-media.com.au 


Sinking feeling 
SAM BYERS 


І couldn't believe the incredible proportions of the container ship 
you featured (‘How Do You Build А Behemoth?’, December). | was 
astonished to read about the sinking of a large container ship, the 
El Faro, in Hurricane Joaquin recently. Why would a vessel sail into 
the path of a hurricane and is it rare for container ships to sink? 

> It’s very rare, particularly in the case of an American-owned апа 
operated ship like the El Faro, which sank off the Bahamas in early 
October. For reference: between 2002 and 2013 only seven ships 
vanished without a trace. Seamen are trained to deal with bad 
weather and it's not necessarily unusual for a large vessel to head 
into the path of a storm. In the case of El Faro, it’s likely а set of 
unfortunate circumstances combined - a violent Category 4 storm, 
a loss of propulsion that left the ship listing to one side and taking 
on water, 15m waves and 225km/h winds. Everything that could 
go wrong did, costing El Faro's 33 crew members their lives. 


= a Men 
Cosmic time travel 


| always turn first to the space features in World of Knowledge. 
l've heard that some of the stars in the night sky are already 
dead. Does this mean we are looking into the past? 

> It's true that when we look up into the night sky we are not 
seeing a real-time version of the stars, but versions of them as they 
were in the past. The stars closest to Earth, in the Alpha Centauri 
triple-star system, are 4.37 light years away, which means it takes 
four and a half years for their light to reach us. Should your gaze 
happen to alight on a star from that system, you're seeing it as it 
looked four years ago. It may have died since then, in which case 
you are seeing light from a star that no longer exists. But that's 
rare: on average, just one star goes supernova per galaxy per 
century so most of the stars you can see with the naked eye are 
still very much alive. It's only when you look much deeper into the 
galaxy using a telescope that you may end up looking at light in 
our night sky that has travelled from stars that are long gone. 


Protection racket 


The article “Тһе Paranoid States 

Of The USA' (December) made me 
glad | don't live in America! The 
facts about US gun crime made 

me wonder what it feels like to 

be shot while wearing a bulletproof 
vest. Any suggestions? 

» Depending on the calibre of the 
weapon used, being shot while wearing 
a bulletproof vest can feel like being 
hit in the chest with a cricket bat, 
according to those who've experienced 
the sensation (none of them work in 
the World of Knowledge office, we 
might add). In fact, it can even knock 
a person off their feet. What many 
people don't realise is that bulletproof 
vests are more accurately described 
as bullet 'resistant' — they don't 

stop all bullets from all firearms. 

Their effectiveness depends on the 
speed and type of bullet used. Rifle 
bullets are generally too fast to be 
impeded by such a garment. 


Storage solutions 


| enjoyed the feature on brain lies 
(‘Telling Leis!’, December) even if the 
way our thinking organ can deceive us 
is a tad frightening! Is the capacity of 
the brain infinite or do we have to 
‘delete’ stored information to make 
room for new memories or ideas? 
Could the brain run out of space? 

> Thankfully not. When we learn new 
facts, the brain isn’t forced to delete 
old ones to free up space. That's 
because the human brain is not like 

a hard drive or a library — it has an 
almost infinite capacity in the absence 
of neurological trauma or disease. 
Some neuroscientists have attempted 
to calculate the capacity of the brain, 
with estimates ranging from ten 
terabytes to 2.5 petabytes (that's 2.5 
quadrillion bytes!) But it's something 
almost impossible to calculate: after 
all, a single memory doesn't take up 

a single cell. It's unlikely, either way, 
that you're going to run out of storage 
in your lifetime. So why do we forget? 
Well, forgetting something is not the 
result of a lack of storage, but from the 
incomplete or incorrect encoding of 
memories to long-term storage. 
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BEAUTIFUL QUEEN 
BEAUTIFUL COIN 


Queen Cassiopeia's distinguishable stars captured 
] on a dazzling coloured domed coin. 


techniques, this domed shaped coin tells the Greek mythological story of Cassiopeia, the beautiful queen of Ethiopia, banished to the 
skies by the sea god Poseidon for her boastful behaviour. RRP: $120.00 


To order the 2016 $5 Fine Silver Proof Coloured Domed Coin- Cassiopeia please visit eshop.ramint.gov.au 
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Тһе Bremont Boeing Model 247 and the F/A-18 Super 
Hornet share the same hardened Custom 465° Steel. 


бі BOEING 


BREMONT BOEING 
MODEL 247 


WE'VE NEVER BUILT A WATCH FROM THIS KIND 
OF STEEL BEFORE. BUT IT SEEMED TO WORK OUT 
OKAY ON THE F/A-18 SUPER HORNET. 


A few years ago the British watch manufacturer Bremont and American aviation 
giant Boeing, embarked on a development project to build a range of mechanical 
timepieces that embraced the latest in material and manufacturing research from 
the worlds of horology and aviation. The result is something remarkably special. 


ROUD SPONSOR OF THE AUSTRALIAN B R E M O N T 


EOGRAPHIC SOCIETY AWARDS 2014 AND 2015 f —  Áá——X 
CHRONOMETERS 


